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HAMMETT'S. 


INTRODUCTION 
TO THE STUDY OF 
trains the in a skill_the use 


? HYSICAL quantitative and mathematical 
(CH E M I T RY ig for the solution of chemical 

pro ems | A 

will be published 


In addition to quantitative ond 
theories the book shows the student 
how to translate chemical problems 
into mathematical terms he can ocnily 
manage. | 


LOUIS P. HAMMETT 
Professor of Chemistry a 
Columbia University 


B® develop his ability in using the a 
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And be sure you also examine these texts 
FELSING & WATT MATHEWS, WILLIAMS MITCHELL 
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4th Edition, $6.00 
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Now the rubber industry must meet the increased demands 
of both civilian and military production. In this speed-up 
program, the chemist has a real ally in ‘Baker Analyzed’ 
Reagents—low in Sulfur derivatives. 


The chemist who uses ‘Baker Analyzed’ Reagents in testing 
doesn’t have to cope with unknown limits of vital im- 
purities. ‘Baker Analyzed’ Reagents help him save time 
because the actual lot analysis is on every label. 


Pictured is an actual lot analysis of Baker Barium Chloride. 
Barium Chloride is only one of many ‘Baker Analyzed’ 
Reagents low in Sulfur derivatives. Below are listed other 
‘Baker Analyzed’ Reagents popular with the rubber chemist. 


No wonder ‘Baker Analyzed’ Reagents are preferred to 
control quality with speed and accuracy: They save time for 
practically every industry where raw materials are controlled 
and finished products searchingly analyzed. 


REAGENT 


with ‘Baker Analyzed REAGEWTS 


Low in Sulfur Derivatives 


If you are charged with the responsibility of quality control 
be sure to specify ‘Baker Analyzed’ Reagents. These labora- 
tory chemicals will help you safely speed up tests. There 


is a Baker distributor near you who will give you fast, 
efficient service. 


Other ‘Baker Analyzed’ Reagents 
of interest to Rubber Chemists: 


Benzene Potassium Hydroxide 
Bromine Potassium lodide 
Nitric Acid Sodium Peroxide 


Potassium Chlorate Toluene 


J. T. Baker Chemical Co., Executive Offices and Plant, 
Phillipsburg, New Jersey. 


Baker Baker Chemicals 
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A.H.T. CO. SPECIFICATION 


CONDUCTOMETRIC 


TITRATION 
ASSEMBLY 


DIRECT READING MHO-OHM 


Utilizes the Serfass Direct Reading 
Mho-Ohm Conductance Bridge which 
eliminates the calculation of re- 
ciprocals, the end point of the titration 
being determined by plotting the dial 
reading (conductance in micro mhos) 
against the volume of the titrating solu- 
tion. 


CONDUCTOMETRIC TITRATION ASSEMBLY, 
A.H.T. Specification. Especially useful in the direct titra- 
tion of the weak acids by weak bases, displacement titra- 
tion of salts of moderately weak acids or bases by strong 
acids or bases and precipitation reactions involving moder- 
ately soluble substances where electrometric (potentiomet- 
ric) or visual methods are unsatisfactory due to hydrolysis, 
solubility or dissociation of the reaction product. Many 


organic substances fall in these classifications. Turbidity - 


and color do not affect readings. 

The Serfass Direct Reading Conductance Bridge includes 
a cell constant compensator, sensitivity control, frequency 
selector switch, and modified circuit providing absolute 
readings of specific conductance in micro mhos per centi- 
meter, or in ohms resistance by merely shifting a twelve- 
position multiplier switch; as suggested by Dr. Earl J. 
Serfass, Department of Chemistry, Lehigh University. 

Range is from one to one million micro mhos (reciprocal 
ohms) per centimeter specific conductance, or from one 
ohm to one megohm measured resistance in six steps on the 
multiplier switch. Accuracy is within +1% of readings, 


4018. Conductometric Titration Assembly, A. H. T. Co. Specification, as above described. For use on 115 volts, 50 or 
1 


cycles a.c. only. With directions for use..... ome se 
3965. Conductance Bridge, Serfass, only as supplied with above 


4018. 


except at extreme ends of overlapping ranges, which are 
used only for location of initial balance point of bridge. 

The dial has linear calibrations from 0.5 to 10.5 in 0.1 
divisions which provide uniform accuracy for all readings 
within range from 1.0 to 10.0, i.e. avoiding inherent in- 
accuracies in the potentiometer windings at the extreme. 
ends. The cell constant compensator, with pointer knob, 
has range from 0.90 to 1.10 in 0.005 sub-divisions. The 
bridge switch selects an a.c. input of either 1,000 cycles per 
second with less than 5% distortion, or line frequency of 50 
or 60 cycles. The sensitivity control knob, in the circuit 
with the 6E5 electron ray tube, permits continuous adjust- 
ment of the sensitivity on both resistance and conductance 
measurements; low sensitivity setting facilitates location of 
proper multiplier position and balance point. 

In addition, the assembly includes a pair of rugged 
platinum electrodes to provide a cell constant of approxi- 
mately 1.0; a Magnetic Stirring Apparatus; Burette, 
capacity 10 ml in 1/20 ml; corrosion resistant support and 
necessary clamps. 


60 
27.50 
50.00 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 
LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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NEW SIXTH EDITION 


“Deming seems to make a more constant effort 


to point out to the student what is really important.” 


GENERAL CHEMISTRY 


By H. G. DEMING, Visiting Professor of Chemistry, University of Hawaii 


This remark, made by a professor who read the Sixth Edition in manuscript form, points out one of the chief 
reasons instructors have used successive editions of Deming’s book for over 30 years. The many improve- 
ments in the new Sixth Edition carry on the same “‘student-first’’ approach. 

The structure of the atom and the conversion of matter into energy are treated earlier in the book. 


A more unified study of ionic theory~is*6ffered. 


Summaries are provided at the end of each of the first 17 chapters to show the student what he is expected to 


learn during this, the most important part of his course. 


Relatively simple questions are scattered throughout the early chapters, giving the student an immediate 
chance to check his understanding of what he has just read. 
Many new topics are covered, such as new compounds of silicon and fluorine, surface agents, and 


products of nuclear reactions. 


Other changes have been made in illustrations, problems, and text to include recent developments in 


chemical theory and technology. 
April 1952 


FUNDAMENTAL PRINCIPLES 
of POLYMERIZATION 


Rubbers, Fibers, Plastics. By G. F. D’Atgtio, 
Company, Inc. Evaluates recent research 
and outlines basic processes, stressing funda- 
mentals. Coming in May. Approx. 477 pages. 
Prob. $6.00. 


CHEMICAL CALCULATIONS 


An Introduction to the Use of Mathematics in 
Chemistry. By Sipney W. Benson, University of 
Southern California. 1952. 217 pages. $2.95. 


IMPERFECTIONS in 
NEARLY PERFECT CRYSTALS 


Edited by Suocxtey, Bel] Telephone 
Laboratories. A summary of the NRC symposium 
held at Pocono Manor, Pennsylvania in 1950. 
Ready in April. In press. 


SYMPOSIUM on RADIOBIOLOGY 


The Basic Aspects of Radiation Effects on Living 
Systems. 


Edited by James J._Nicxson, Cornell University. 
The record of the NRC symposium.on radiobiology 
held at Oberlin College in 1950. April 1952. 
Approx. 475 pages. Prob. $4.00. 


Approx. 651 pages 


* Prob. $5.00 


COLOR in BUSINESS, 
SCIENCE, and INDUSTRY 


By Deane B. Jupp, National Bureau of Standards. 
Explains the psychophysics of color and its applica- 
tions in science and industry. April 1952. 401 
pages. Prob. $6.50. 


Dana’s SYSTEM of MINERALOGY 


Volume I. Seventh Edition rewritten and en- 
larged by Cuarues Paracue, the late Harry Ber- 
MAN, and Fronpet, a// of Harvard Uni- 
versity. Covers halides, nitrates, borates, carbon- 
ates, sulfates, phosphates, arsenates, tungstates, 
molybdates, etc. 1951. 1124 pages. $15.00. 


VINYL and RELATED POLYMERS 


Their Preparation, Properties, and Applications in Rub- 


bers, Plastics, Fibers, and in Medical and Industrial 
Arts. By Carvin E. Scuitpknecut, Celanese Corp. 
1952. 723 pages. $12.50. 


Examine any of these books without obligation 
Send for an approval copy now 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N. Y. 
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G22812— Mixaire, air stirrer (1/, H.P. at 
100 Ibs.). Complete with pulley and chuck for shafts 
up to 4” diameter, nickel-plated brass stirrer, 9” 
shaft, 2” diameter propeller. Each................ $60.50 


62281 2A—Mixaire, Heavy Duty air 
stirrer (1/. H.P. at 90 lbs.). Similar to G22812, 
but capable of developing 1 H.P. at 90 Ibs. Com- 
plete with pulley, chuck and propeller. Each $82.50 


Eliminate Explosion Hazards and 
Achieve Variable Speed from 0 to 6,000 r.pm.with,,| ™ 


No L 


“ye 


A Revolutionary Development 
In Air Motor Stirrers 


Offering many design refinements and advanta 
over the old type air motor, the new Mixaire c 
explode under any conditions—does not generat 
sparks—and more than fulfills all safety requi 
ments. 


Recommended for pressures below 100 lbs. 
speeds below 6,000 r.p.m., the Mixaire has variabl 
speed from 0 to 6,000 r.p.m. which can be instant! 
increased or decreased by adjusting valve on ai 
supply. 

With 4 vanes acting in each revolution, the M 
will positively start from any position—and run 
moderate speeds as low as 100 r.p.m. without 


ing. No possibility of burn-outs from overloadi 
or braking. 


Other Outstandin g Advantages 
@ Compact—2//,” in diameter ; weight 3 Ibs. 


@ Simple Pressure and S Control—Lever handled 
(with serrated hose end) , included on end of air inlet (sy 
port arm), controls air pressure and speed of motor. 


@ Automatic Take-Off—Self-adjusting vanes—no springs. 

@ Silent Operation through compact sound muffler. 

@ New Simplicity of Design—Few operating parts. 

@ Inexpensive compared with explosion-proof  electi 
motors. 

Sur 

@ Mounting Ease—6” length of nickel plated Yq” stand 
pipe, connected to air inlet side of motor, serves as supp? Ba 
arm for mounting motor to any standard laboratory supp? 
stand with clamp fastener. Added feature of set screw # 
justable machined hub for surface mounting of motor 


top or side plates of tanks or constant temperature bal 
with plate thickness up to 3/16”. 


The EMIL.GREIVER 


20-26 N. MOORE STREET NEW YORK 13, N.Y. 
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SPECIFIC GRAVITY 
BALANCE for LIQUIDS 


oose Riders or Hooks! Quick, Accurate 


Readings Taken Directly from Vernier to 1/1000 S.G. 


SPECIFICATIONS 


BEAM: Aluminum. 8%” long. 200 Graduations from .0 
at right, to 2. at left. 


BASE: Solid Aluminum sheet—14” x 7” wide. 
hole for easy insertion of plummet into glass jar. 
swinging platform to enn sample jar—can be pushed aside 
or comp 


3” diameter 
Attached 


etely removed 


PLUMMET: Glass with enclosed thermometer, ranging from 


to 30° with 20° point marked in red. Plummet displaces 


2 grams of distilled water at 20° Centigrade. 


VERNIER: Sliding type, runs in track on reverse of beam with 
stop at either end. 
face has unbreakable Lucite magnifier for easy reading. 


Vernier cannot knocked off beam— 


Other PLUS Features: 
@ Fallaway Type Beam Arrest 
@ Hardened Steel Knife Edges 
© Selected Solid Brazilian Agate Bearings 


BALANCE, Complete with Plummet and 1 Glass Jar (4%2” 
deep x wide inside. $66.00 


NEW! IMPROVED LAB ESSENTIALS 
School and Industry 


Cast Aluminum 


LIFETIME 
DESICCATOR 


Lightweight! 
Effectivel 


Eliminates the Possi- 
bility of Breakage! 


This carefully con- 
structed ‘good for a life- 
time’ Desiccator weighs 
only a fraction of com- 
parable glassdesiccators, 
yet cannot be damaged 

by bumping or dropping. 
Ground joint seal as- 
ir tight closure and the aluminum body quickly and effectively 


dissipates the heat. 


Baked-on Gray Hammerloid metallized finish. 
in cartons. 


Individually packed 


Write for Further Information. 


Serving Laboratories for 


A. DAIGGER & CO. 


159 West Kinzie St. 


Mighty Midget STIRRER 


3 SPEEDS: 300, 600, 900, R.P.M. 
Pre-Selected by Convenient Knob 


Ideal for General Laboratory Stirring! 


Features: 
@ Series Wound Motor— 
pulls 65 watts 
1/16 Horsepower 
Underwriters Laboratory 
Approved 
@ Specially Designed 
jounting Bracket—per- 
mits safe mounting in any 
position, sliding on rod 
or hooked on. 
© Special 3 Jaw Self Ad- 
justing CHUCK—up to 
” for stirring rods. 
Hammerloid Finish 
@ 115 Volts AC-DC 
STIRRER, with Crack, 
Bracket, ft. ed 


and 8 in. 
Seaport Price 


6 In. Teflon No 
Rods to fit Stirrer. Each. . $9 


Chicago 10, 


oH, 1988 Please mention CHEMICAL EDUCATION when writing to advertisers 
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The ultra-modern design of the 
Coleman Compax offers the 
chemist these unusual features. 


Precision based on simplicity ... Compax 
uses the classic potentiometer pH circuit, but in 


a new way... by replacing the usual null meter 


with a miniature neon, almost instant balance is 


made practicable . . . the usual working cell ad- 
justment is eliminated by directly applying an 


oversize standard cell. 


Extra convenience .. . Fewer parts make the 
Compax easier to operate, easier to balance, 
easier to maintain. Almost all set-up time is 
eliminated, when the lid is opened the cell chain 
rises into position, ready for use. 


= 
© 


COLEMAN 


Fully portable ... Everything for a year's 
service is packed inside the case, electrodes, 
liquids, even beakers ... can be easily carried 
anywhere ... ready to work anywhere. 


Order today ........ $150.0 


pH METER 


If you want more details about this amazing 
oul new instrument, write for our Bulletin B-225 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street } : New York 12, N. Y. 


8 JOURNAL OF CHEMICAL EDUCATION, MARCH, 1952 


met 


e 
arts eoe & 
less 
ess cost... 
am a Da 
ne ence 
: 
re co 
| 
a 
3 
igh 
light 
AN 
i 
its ¢ 
food 
ana. 
: 
rese 
= 
be 
mz\4 
@ 
888 
ee 


, 1952 


DETECT all METALLIC ELEMENTS 


a= a Glance 


Using IMPROVED Spectranal Methods 


(U. S. Patent Pending) 


TWO SPECTRANAL METHODS OF ANALYSES 


Complete qualitative analysis of all metallic elements can be 
made rapidly by simple visual spectroscopic methods. By using 
a basically new method of element excitation, analyses may now be 
made directly on either metallic samples or elements in solution by 
the methods shown below. 


To Spectranal To Spectranal 
Sample of metal —— A 4 
a to be analyzed 
Platinum electrode Platinum electrode 
ES 10% Nitric Acid == Sample dissolved in 
solution only 10% Nitric Acid 
For analysis of metal strips, For analysis of metallic 
wires, rods, turnings, etc. elements in solution. 


In the method on the left, the excitation light appears on the 
submerged surface of the metal sample being analyzed. This 
light when viewed through the spectroscope is seen to be composed 
of only the principle spectral identification lines of each element 
present in the sample. 


In the other method, only the dissolved metallic elements pro- 
duce their identification lines. The special excitation electrode 
does not produce any lines of its own. 


A specially prepared reference table, which gives the wave 
lengths of 4 identification lines of each metallic element, is supplied 
with the instrument. One or more elements in a sample may be 
readily detected simply by noting whether their 4 reference table 
identification lines are present among the spectral lines of the sample. 


ANALYZES ALL TYPES OF SAMPLES 


Metallic elements in any type of sample material, regardless of 
its composition or physical state, may be readily analyzed. Samples 
may be alloys, biological materials, pharmaceuticals, ores, minerals, 
foods, inorganic and metallo-organic chemicals, soils, water, drugs, 
ete., either as solutions or solids. Simple procedures are given in the 
gesting instructions for preparing any type of sample material for 

ysis. 


WIDE ACCEPTANCE 


Several hundred industrial, institutional, and governmental 
research. and. control. laboratories are using. the original Spectranal 
method for routine analyses. 


Write NOW for Bulletin 140. 
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FEATURES 


@ Rapid detection 

@ Positive identification 

@ Good sensitivity 

@ Visual method 

@ Micro or semi-micro samples 
@ Sample not destroyed 

@ Continuous excitation 

@ Harmless excitation voltage 
@ No accessories required 


TODD SPECTRANAL as shown includes 
the built-in high quality Bausch & Lomb im- 
proved prism spectroscope with reference scale, 
achromatic lenses, and all adjustments. The 
base contains the excitation poner supply and 
controls. Also included are the glass excitation 
chamber with the special excitation electrode 
and a platinum electrode, support rod, clamp, 
variable scale light and beaker for water cooling. 
For use on 110 volts a. c. or d. ¢. Overall 
height 21”. Complete with operating in- 


IMMEDIATE SHIPMENT 


+ TODD SCIENTIFIC COMPANY 


Distributors and manufacturers of special scientific laboratory apparatus. 
SPRINGFIELD, PA. 
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A new, stable 
primary standard for 


Karl Fischer reagent 


In a recent study,! Sodium Tartrate Dihydrate 
was shown to be the ideal primary standard 
for determining the strength of Karl Fischer 
reagent. Out of fifteen chemicals tested for suit- 


ability as standards, only Sodium Tartrate 


MERCK 


REAGENT 


Dihydrate afforded all the following advantages: 

1. A solid, crystalline chemical, stable at extreme humidities and 
for prolonged periods of time without special storage pre- 
cautions. 

2. A water content that does not vary more than plus or minus 
0.05% from theory. 

3. A water content rapidly and quantitatively titratable to a 
sharp end point. 


Significantly, SODIUM TARTRATE MERCK, Reagent, was the chemical used 
in this investigation. Write us today for complete details on this new procedure. 


1. Neuss, J. D., O’Brien, M. G., and Frediani, H. A., Analytical Chemistry 23, 1332 (1951) 


MERCK LABORATORY CHEMICALS 


—PRECISION TOOLS FOR ACCURATE ANALYSIS— 


MERCK & CO.,INc. 
RAHWAY, NEW JERSEY 


In Canada: MERCK & CO. Limited— Montreal 
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@FROM THIS 
IN 1937.... 


PROGRESS 


.... TO THIS IN 1941.... 


This NEW 37,000 Square Foot completely 
modern plant surrounded by more than an 
acre of land was planned and equipped for 
fast and efficient service to our industry. 


We appreciate the part our many customers 
and suppliers have played in making this step 
of progress possible. With greater facilities 
we anticipate enjoying a wider circle of friend- 


ship. 


.»» TO THIS IN 1952! 
@ Located only two blocks from Chicago's Midway Airport. @ Ample parking area. @ Visitors welcome. 


If you haven't reserved your copy of the new La Pine catalog of Apparatus and Chemicals, request one on your company or institution 
letterhead. Just as soon as it is off the press, a copy will be forwarded to you. 


ARTHUR S. LoPINE AND COMPANY, oes 6001 S. KNOX AVENUE, CHICAGO 29, ILLINOIS 


LABORATORY SUPPLIES-EQUIPMENT 
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Tue “wrx” of our armed 
forces is measured by the fronts on which 
they are deployed. 

The “depth” of our armed forces is 
measured by the miles from the front to 
the innermost reaches of our productive 
capacity. 

Back of the men and machines that pour 
out the sinews of war in such tremendous 
volume stand the research laboratories. 


There, scientists minutely check the qual- 
ity of products before they are released to 
those who use them in defense of democ- 
racy. There, too, scientists probe unceas- 
ingly to improve present weapons and 
supplies and develop new ones. 


The meticulous work of thousands of 


scientists in these essential laboratories 
would dwindle, then die, without their 
tools—scientific instruments. 


KIMBLE GLAS S TOLEDO 1, OHIO 


Division of Owens-Illinois Glass Company 
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KIMBLE EXAX RETESTED Cylinder No. 20030; 
Flask Ne. 28015 ; Burette No, 17030. 


Seience the Arsenals Demoeracy 


Kimble is humbly proud that the scien- 
tific instruments it produces have, in 
peace and war, been worthy tools in the 
hands of scientists everywhere. 


In the turbulent times ahead, we shall 
do everything in our power, and ask the 
aid of everyone in control, to keep our 
nation’s scientists supplied with the pre- 
cision instruments we make to be weapons, 
as well as tools, in their hands, 


Instr 

i 


1952 


Now EVERY laboratory can use 
modern spectrophotometric methods 


THE BECKMAN MODEL “B” 


accuracy ... speed . . . simplicity 
AT A NEW LOW PRICE 


Spectrophotometric measure- 
ments—based on analysis of liquid, 
solid or gaseous samples by light ab- 
sorption—have become one of the 
miost important methods of today’s 
process control operations. Complicated analyses requiring hours to per- 
form by standard chemical procedures are now completed in a matter 
of minutes using modern spectrophotometric methods. 

Up to the present, quality instruments have been beyond the reach 
of many laboratories. Now, however, the development of the new 
Bekman Model “B” Spectrophotometer makes available for the first 
time a precision instrument—convenient and simple to operate—yet 
versatile, accurate and low-priced. 

The Model “B” combines many of the advancements pioneered in 
the famous Beckman Quartz and Infrared Spectrophotometers ... high 
resolution ... wavelength and photometric accuracy ...freedom from 
stray light . .. wide spectral range . .. quality construction. 

It features direct reading absorbance and transmittance scales... 
complete elimination of stray light from 360 to 1000 millimicrons—less 
than even at 320 millimicrons ... interchangeable phototubes for 
wider wavelength range... inexpensive 
sample cells ...4-position cell carriage 
for faster readings ...and many other 
important features. 

The Model “B” is by all standards 
the outstanding instrument in its 
field. Write for full details. Beckman 
Instruments, National Technical 
Laboratories, South Pasadena, 
%, Calif. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


2K Beckman Instruments include: pH Meters and Electrodes 


Why 
Analytical Methods 
Demand Classroom Attention 


Because spectrophotometric methods are fre- 
quently yA ge simpler and more accurate, they 
are bein increasing! adopted by all types of 
industrial and research laboratories. In a lead 
chemical publication over 30% of all 1948 edi- 
torial matter dealt with modern spectrophoto- 
metric methods ...0 significant indication of the 
vital importance of methods in today’s 
chemical field. 

Leading colleges and universities, pocngnizing 
the importance of stressing new instrumenta 
analytical methods, are including laboratory work 
with spectrophotometers in basic quantitative 
analysis courses. These methods also permit better 
and faster study of many physical chemistry prin- 
ciples and problems, such as photochemistry, equil- 
ibrium constants and reaction rates, thus allowing 
increased time for these and other subjects. 

In instruments for student use, quality is of 
paramount importance to insure a true apprecia- 
tion for the usefulness and reliability of the 
methods studied. The Beckman “Model B’ Spec- 
trophotometer is ideal for student work because 
it is a quality instrument throughout—accurate, 
versatile, rugged—yet priced within even the most 
modest budget. Moreover, its simplicity of opera- 
tion, its direct-reading scales, its full range from 
ultraviolet to near infrared—all make this instru- 
ment unsurpassed for educational work. And the 
wide range of accessories further facilitate ade- 
quote student instruction in the many phases of 
spectrophotometric applications. 

The “Model B” is built to the same 
rigid standards that have made Beckman Instru- 
ments world-famous for outstanding quality. In 
fact, its accuracy is so high it can be used in 
many research applications, freeing for more criti- 
cdl work the Beckman “DU” Spectrophotometers 
now widely used in all modern educational plants. 


Spectrophotometers —Radioactivity Meters — Special Instruments 
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e See your Beckman dealer for further details 

on the many woys the “Model B” can assist your ’ 

e educational progrems—or write direct. 
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MECHANICAL. 


NO OTHER OVEN HAS ALL THESE FEATURES 
e VISUAL EVIDENCE of actual airflow con- 


ditions inside oven. 

e UNPRECEDENTED TEMPERATURE 
UNIFORMITY 

e HIGH TEMPERATURE range to 208° c. 


¢ MAXIMUM PROTECTION of control cir- 
cuit with “Packaged Protection” control unit. 


e GREATER ECONOMY with Power 
Selector Switch. 


CONSTANT WEIGHT OF AIR 


CONVECTION OVEN 


WATE 


: for uniform, accurate, fully controlled heat treating! 


SCHAAR and COMPANY tokes special pride in 
introducing the modern, efficient CON-WATE* oven— 
incorporating an entirely new method of mechanical 
convection air circulation! In the conventional oven, 
with a given CFM air circulation, the actual amount 
of air circulating considerably decreases as the tem- 
perature rises. This is because fundamentally the den- 
sity or weight of air is directly affected by tempero- 
ture changes. The CON-WATE oven overcomes this 
basic deficiency by automatically increasing or de- 
creasing the CFM of air with changes in temperature, 
thereby assuring a constant weight of air circulation 
at all times. Available in three sizes, with or without 
matching floor stand. 
*Patents Pending 


WRITE TODAY FOR COMPLETE DETAILS! 


SCHAAR and COMPANY 


754 W. LEXINGTON ST. ¢ CHICAGO 7, ILLINOIS 
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The Sargent-Slomin Electrolytic Analyzers have 
through long service proved their value to analysts. 
Each unit is mounted within a case consisting of one- 
piece stainless steel panel, beaker platform and apron 
with sturdy end castings. All models are completely 
self-contained and operate from 50-60 cycle electric 
circuits — no auxiliary generators or rheostats are 
required. 

The two position analyzers consist of two complete, 
independently operating analyzer circuits. Duplicate or 
check analyses can be run at the same time or two dif- 
ferent analyses can be run simultaneously at different 
current densities. 

The central electrode is rotated by a new capacitor 
type induction motor, operating at 550 r.p.m., especially 
engineered for this application. Under development 
for five years, this motor has been thoroughly, tested 
and approved for continuous operation. Fully enclosed 
for protection against corrosive fumes—the shaft, sleeve 
bearings, and cap are made of stainless steel. 

Outstanding features of this rugged motor are: 

Greater output than any motor of similar characteris- 
tics and size. 

No internal switches or brushes. 


No “permanent” magnets — full output for long | 


service life. 


SARGENT 


* Immediate shipment 
from stock 


FOR HIGH SPEED 
QUANTITATIVE ANALYSIS OF 


Ferrous and non-ferrous metals and alloys. 
Electroplating solutions and electro-deposits. 
Ores and minerals. 

Metals in biological materials. 

Metals in foods, soils, etc. 

Forensic materials. 

Micro and semi-micro specimens. 


Designed for continuous trouble-free performance 


No speed change with change of load. 


All parts of the new electrode chucks are made of 
stainless steel. A simplified design utilizes a positive 
retaining spring which permits quick, easy insertion of 
the electrodes and maintains proper electrical contact. 

These new analyzers used with the specially designed 
high efficiency corrugated electrodes rapidly produce 
smooth, close grained deposits at maximum current 
density. 


S-29460 ELECTROLYTIC ANALYZER — Sargent-Slo- 
min, One Position. For operation from 115 Volt, 50-60 
cycle circuits $275.00 


S-29465 ELECTROLYTIC ANALYZER — Sargent-Slo- 
min, Two Position. For operation from 115 Volt, 50-60 
cycle circuits $415.00 


$-29632 ANODE—Platinum gauze, Corrugated Form, 
High Speed. (Patent pending). Price subject to market. 


S-29672 CATHODE — Platinum gauge, Corrugated 


Form, High Speed. (Patent pending.) Price subject to 
market. 


100th 


EH. SARGENT & CO. 
1852-1952 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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ACCURATE 


FAST 


PRECISION—SPEED—CONVENIENCE. .. these are the factors that must be 
weighed and blended, adjusted and balanced in a proper laboratory tool. 


@ Precision beyond need is a liability, for it retards and complicates opera- 
tion without adding value to results. 


@ Convenience without accuracy leads to error and confusion. 


In the Junior Spectrophotometer, Balanced Design brings these elements of Pre- 
cision, Speed and Convenience into the careful relation that yields greatest 
benefit from each, and, therefore, the greatest economy and reliability from all. 


COLEMAN 


For complete information 
write for Bulletin B-211, 
Coleman Instruments, Inc., Dept. B. 


SPECTROPHOTOMETER 
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20 KG. Capacity 
1 Gram Sensitivity 


Model 119 Heavy Duty 


Solution Scale 


@ Base...Heavy cast-iron construction 


@ Beam ...Cast-iron construction car- 
ries heavy loads without defiection 


@ Graduated Beams . . . Stainless Steel 
etched 


@ Tare Poise . . . Locking for repeti- 
tive weighings 


The rugged durability of this scale, together with its high capacity and 
us sensitivity, makes it adaptable to a great number of laboratory, scientific, 
agricultural and industrial uses. It may be obtained with iron or stainless- 
steel platform; also, with animal box in either metric or avoirdupois 
calibrations. or a combination of both. 


MODEL 1195S: Scale with 
heat, corrosion and chem- 
ical-resistant stainless steel 


platform. 
Price $100.50 Metric 


MODEL 120: Scale with 
Subject Box—box measures 
18” height, 12” width, 12” 
depth. For use in weighing 
animals. 

Price $113.70 Metric 


SPECIFICATIONS 
Front Back Seights 
119 20 Kg. 1 gram 100 gr. x 1 gr. 1000 gr.x 100 gr. | 2270 gr. |10Kg.x1Kg.} 11” $ 93.00 
123 45 Ibs 1/16 oz. | 20z. x 1/16 oz. 2 Ibs. x 2 oz. Slbs. {20 Ib. x 2 Ib. 11” 97.50 
122 45 Ibs. .002 Ib. | .1 1b. x .002 Ib. 2 Ibs. x .1 Ib. Sibs. |20 Ib. x 2 Ib. gd 101.25 
121 20 Kg. 1 gram 100 gr x Igr 1000 gr.x 100 gr.| 2270 gr. |10Kg.x 1Kg.| 11” 136.50 
g or or & & or & 
ms 45 Ibs 1/16 oz. |_20z. x 1/16 oz. 2 Ib. x 2 02. 5 Ibs. 20 Bb. x 2 Ib. 


OHAUS SCALE CORPORATION e@ 1050 Commerce Ave., Union, New Jersey 


HEAVY DUTY SOLUTION SCALE... 
Self-aligning | 
| 
“2 
RLOATING FIT > 
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GUARANTEED Pump is better for che 
VACUUM, ation 

MICRONS 


CENTRAL SCIENTIFIC COMPANY 
Scientific Instruments Laboratory Supplies 
: 1700 Irving Park Road + Chicago 13, Illinois 


CHICAGO NEW YORK NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTACLARA LOS ANGELES TORONTO MONTREAL VANCOUVER 
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YOUR 
LABORATORY 
BUDGET 


Whether you are teaching chemistry or run- 
ning a business, costs are mounting. They 
must be watched more carefully than ever. 
You definitely can make economy part of 
your teaching program by standardizing on 
PYREX brand laboratory ware. 

Experience over a long period of time 
points to the fact that PYREX brand labora- 
tory apparatus stands up longer under student 
abuse than any other brand. Its low coefficient 
of expansion minimizes loss from thermal 
shock. Its chemical formula is such that it 
remains stable under heat and acids. Its 
over-all design provides exceptional physical 
strength. You can stretch your laboratory 
ware budget farthest by always asking your 
laboratory dealer for PYREX brand. 


PYREX brand Reagent 
Bottles—Permanent red 
glass labels for quick easy 
reading. Interchangeable 
easy grip stoppers. High 
chemical stability for pro- 
tection of standard solution. 
Special labels available with- 
out mold charge. 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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PYREX brand West-Type 
Condensers—Designed for 
rough service. Bulbs at out- 
lets protect condenser tube 
and permit stronger seal to 
outlet. Smaller jacket speed 
water flow and increases 
condensing efficiency. Hand- 
tooled outlets on same side 
for convenience. 


HCL 


PYREX brand Test Tubes 
—Proved by careful school 
records to be the most serv- 
iceable you can buy. Made 
from precision tubing, care- 
fully annealed for strength. 
Available with and without 
rims and side arms.. 


t CORNING GLASS WORKS, CORNING, N. Y. 
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Important texts for Chemistry majors 


L. F. HAMILTON 
S. G. SIMPSON 


W. M. LATIMER 
J. H. HILDEBRAND 


Quantitative Chemical 
; Analysis, 10th Edition 


A BALANCED COMBINATION of 
discussions of technique, theory and 
stoichiometry are again contained in 
this. new edition. The directions for 
many of the analytical determinations 
have been rewritten. Some determina- 


tions, mainly in the field of technical 
analyses have been added. The theo- 
retical discussions are considerably 
expanded, with many sections entirely 
rewritten. Coming in the Spring 


Principles of 


Chemistry, 6th Edition 


THIS NEW EDITION CONTINUES 
in the tradition of the previous ones. 
The explanations are clear and easily 
understood and the treatment of funda- 
mentals is direct and vigorous. The 
more extensive changes occur in the 
chapters on the structure of matter, 


the properties of the atom, and chemi- 
cal binding. The chapter on chemical 
kinetics is considerably revised, and 
new illustrative examples are added to 
the chapters on equilibria and oxida- 
tion. Coming in June 


Reference Book of Inorganic 


Chemistry, 3rd Edition 


IN THE THIRD EDITION, re- 
cent investigations in the field are 
included, and the entire book brought 
up-to-date generally with the presen- 
tation and interpretation of the new 
material. The subjects of molecular 
structyye and thermodynamics are em- 


phasized heavily, and include explana- 
tions or oxidation potentials, equi- 
librium constants and free energies. 
Oxidation-reduction potential dia- 
grams are given for nearly every ele- 
ment. Published in December—$5.00 


The Sixth Edition of Principles of Chemistry 
by Hildebrand and Powell combined with 
the third edition of Reference Book of In- 


organic Chemistry by 


Latimer and Hilde- 


brand will be published in June, 1952 


THE MACMILLAN COMPANY, New York, N. Y. 
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a NEW easily-absorbed chemistry text 


Note the Special 
Features of This 


NEW TEXT! 


Systematic College Chemistry 


by L. R. PARKS, Ph.D., and W. H. STEINBACH, Ph.D. 


BASIC, PERTINENT SUBJECT MATTER 


Here is a new text that will prove a boon to both teacher and student. 
Presents the fundamental principles of general chemistry and descrip- 
tive information on metals, nonmetals and their inorganic compounds. 
Omits nonessential theory and confusing technical and advanced topics 
not required for an understanding of basic principles. 


EFFECTIVE, TEACHER-TESTED APPROACH 


This book is based on the successful teaching experience of the authors. 
Fundamental concepts are introduced relatively early and repeatedly 
emphasized in succeeding chapters. A middle approach is employed to 
electronic configuration and the periodic classification—not before the 
student has mastered fundamentals, but sooner than in most texts. 
Contains the clearest and most complete discussion on nomenclature. 
New I.C.U. nomenclature (International Chemical Union) is used 
throughout, without sacrificing a knowledge of the older names. 


PRACTICAL, LOGICAL ARRANGEMENT 


Proper balance is maintained throughout between descriptive and 
theoretical matter. Descriptive material stresses inorganic reactions 
under varying conditions and includes unusually complete physical data. 
Arrangement of subject matter effectively correlates laboratory and 
classroom work; allows the teacher leeway to introduce supplementary 
material as desired. Important manufacturing processes, and old and 
new product names and uses, enliven descriptive material. 


EASILY ABSORBED BY STUDENTS 


Material is presented lucidly and intelligibly—at the student’s level. 
Eliminates the major stumbling blocks encountered by first year stu- 
dents. Metals are discussed in the order of their analytical scheme, as 
usually performed by the student. Elementary chemical math is clearly 
explained. Various types of calculations are repeated to make the 
student aware of the integrated nature of problem solving. The study 
questions are especially helpful. 


@ Short and concise 

@ Teacher-tested approach 

@ Presented at student level 
—for easy understanding 

@ Nomenclature 
(including new I.C.U.) 
treated thoroughly 

@ Demonstrations are 
simple and dramatic 

@ Helpful study questions for 
the student 

@ Easily-graded examination 
questions give accurate 
guide to student progress 

@ Excellent illustrative mate- 
rial tied-in with text 

@ Extensive bibliography 

@ Unusually complete 
cross index 


COMPREHENSIVE COVERAGE 


Provides a clear understanding of 
basic principles and a sound foun- 
dation for advanced courses. 
Special treatment is given to the 
valence concept; atomic structure 
and periodic chart; oxidation- 
reduction reactions; acids, bases 
and salts; ionic equilibrium; the 
solubility product principle and 
its application; electromotive 
chemistry and the halogens and 
their compounds. 


126 Illustrations — 12 Portraits — Approximately 635 pages — 3 B50 


READY APRIL 


THE BLAKISTON COMPANY 


Use Convenient Coupon to Order Your Copies 


TEACHERS 


} s — 1012 Wainut Street 105 Bond Street Send for your copies 
e a iston Philedeiphic 5, Pe. Terente 2, Ceneda now—-90 days’ ex- 
: Please send me Parks and Steinbach’s “Systematic College Chemistry.” { cilities: tin Che 
Send for 90-day teacher examination for class use 
ompany Send for personal use use. 
, : re (You will credit my account in full if returned within 10 days) z 
Philadelphia S, Pa. 
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FIRST Book in New Field: 
CHEMISTRY OF THE METAL CHELATE COMPOUNDS 


by ARTHUR MARTELL, Professor of Chemistry, Clark University; and MELVIN CALVIN, 
Professor of Chemistry anc Director of Bio-Organic Group, Department of Chemistry and Radiation 
Laboratory; University of California, Berkeley. 


This new text assembles the widely-scattered literature of the field into 
a single integrated volume, illustrates its subject with many graphic 
formulas, three-dimensional structures and tabular data. Contains num- 
erous references for further study. 


CONTENTS 


1. INTRODUCTION 5. EFFECT OF METAL ION 
2. METHODS OF DETERMINING THE PRESENCE OF 6. BOND TYPE 
CHELATES 7. STRUCTURE OF CHELATE COMPOUNDS 
3. STABILITY CONSTANTS 8. CATALYTIC EFFECTS OF CHELATE COMPOUNDS 
4. INFLUENCE OF THE STRUCTURE OF THE CHELAT- 9. SEPARATION OF METAL IONS 


ING AGENT 10. USES OF CHELATING AGENTS 


Appendices: !—Table of Chelate Stability Constants 
li—Optical Activity and Related Phenomena 
lil—Glossary of Terms 


PROBLEMS IN PHYSICAL CHEMISTRY 


By LARS GUNNAR SILLEN, PAUL W. LANGE, and CARL O. GABRIELSON 


@ This book is the English translation of a text trace the problem back to the original 
originally written in Swedish, which has been experiment, so that he may understand the 
widely used in all the Scandinavian coun- conditions under which it was performed. 


tries. It comprises a collection of over 800 
PROBLEMS in physical chemistry, taken 


from published literature of the field, and @ Certain problems are comparatively simple, 


complemented by CONCISE RESTATE- and specifically designed to test the stu- 
MENTS OF THE THEORIES AND PRINCI- dent's knowledge of fundamentals. The 
PLES illustrated by the problems. problems have been carefully framed to 
avoid excessive computations. Answers to 
@ Also accompanying the problems are jour- all problems are given in the back of the 
nal references which enable the student to book. 
380 pages 5%" x BY" Published February 1952 


Send for your Copies Today 
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HEISIG on 
QUALITATIVE 
ANALYSIS 


UP-TO-DATE 


WELL PLANNED 


WORKABLE 


ADAPTABLE 


THE THEORY AND PRACTICE OF 
SEMIMICRO QUALITATIVE ANALYSIS 


Second Edition. This is a really teachable text made to order for classes 
in elementary qualitative analysis. Text matter is so arranged that it is 
adaptable to courses of varying lengths, making it an exceptionally flexible 
book. All experimental procedures are carefully planned, worded, and co- 
ordinated with theoretical discussions very closely. Specific directions for 
separating precipitates by centrifuge as well as by the filter method are in- 
cluded. Part I discusses theory; Part II considers a systematic analysis of 
cations and anions. All directions and instructions are so clear that even 
the slower student can understand what he is doing and why he is doing it. 


By G. B. Heisic, Ph.D., Associate Professor of Inorganic 
Chemistry, University of Minnesota. 


356 pages, illustrated. $3.50. Second Edition. 


W. B. SAUNDERS COMPANY 


WEST WASHINGTON SQUARE ¢ PHILADELPHIA 5 
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ongmans Books 


Rey ESSAYS OF JEAN REY 


Facsimile reproduction of original French edition (Bazas, 1630), with Intro- 
duction and Appendix by Dr. Douglas McKie, University of London. Literary 
and scientific essays, by a French physician, anticipating Lavoisier in some 
theories. Ready, Spring 1952. 224 pages. One plate. About $5.00. 


Cowling | MOLECULES IN MOTION 


By T. G. Cowling, University of Leeds. Hutchinson’s University Library. 
An account of such properties of a gas as can be explained by supposing the gas 
to consist of molecules in motion. 1950. 183 pages. $1.80. (Trade, $2.25). 


Vogel QUANTITATIVE INORGANIC ANALYSIS 


By Arthur Vogel, Woolwich Polytechnic. Second Edition, 1951. A thorough, 
up-to-date text. 918 pages. 7” by 10”. Figures, plates and tables. $10.00. 


Hartshorne CRYSTALS and the Polarising Microscope 


& Stuart By N. H. Hartshorne, University of Leeds, and A. Stuart, University College of 
the South West. Second Edition, 1950. A handbook for chemists and others. 
473 pages. 312 figures. $9.50. 


Lang FURTHER LABORATORY AND 
WORKSHOP NOTES 


Edited by Dr. Ruth Lang, for the Institute of Physics, London. Articles re- 
printed from The Journal of Scientific Instruments, covering graphs and drawings, 
tools and processes, optical devices, devices for liquids and gases, thermometry 
and furnaces, vacuum and pressure devices, and electrical devices. 1951. 290 
pages. 177 figures. 8 pages of plates. $5.50. 


Longmans, Green and Tue. 


55 FIFTH AVENUE NEW YORK 3, N. Y. 
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Above is a 

corner of one of a 

number of recent laboratory 

installations in many varied 

fields of industry, science 
and research. 


you can save by using aloe scientific 


as your complete source for 


laboratory supplies 


Whether you are expanding, buying replace- 
ment equipment, or planning a new laboratory, 
one complete source for your laboratory sup- 
plies saves you dollars through lower prices 
on quantity purchases... time in placing 
numerous orders .. . manpower in handling 
multiple shipments. 


Furniture, Apparatus, Chemicals 

Our complete stocks are geared to all your 
laboratory needs. Aloe’s new stainless steel 
Moduline Furniture has already proved excep- 
tionally satisfactory for the modern laboratory. 
Built in standard units, this furniture incor- 
porates the savings of mass production with 
maximum versatility for long range planning. 


aloe scientific DIVISION OF THE A. S. ALOE COMPANY 


5655 Kingsbury « St. Lovis 12, Missouri 


Our apparatus stocks include a wide selection 
of items for routine and special work. Inorganic 
and organic chemicals, rare sugars, culture 
media, dyes and stains are always in stock. 


Service Departments 


We maintain a Planning Department for work- 
ing up plans on new installations and a Re- 
search Laboratory to help locate unusual items 
or procedures, and in preparing special reagents. 
Both at your service without charge. 


Supplementary Catalog 


If you do not have on file a copy of our Supple- 
mentary Catalog No. 102A featuring Moduline 
Furniture and other important laboratory 
items, send for it today. 
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A. S. T. M. D88 


Markedly improved over all former 
models, this new “Precision” Saybolt 
Viscosimeter exemplifies a striking sim- 
plification in design, capable of trouble- 
free performance unhampered by 
complicated mechanisms or mechanical 
controls. It is entirely self-contained, 
built for continuous duty, and safe from 
fire hazard. Combining as it does a new 
measure of operating ease, consistent ac- 
curacy, and absolute dependability, the 
“Precision’”’ Saybolt Viscosimeter is cer- 
tain to aid the operator by releasing his 
attention from “mechanics,” and will 
promote both speed and accuracy in 
running Saybolt tests. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO : 


Viscosime 


Standard equipment — includes the required num- 
ber of flask guides, cooling coil, control box, 
pipette, thermometer guards, oil strainer, 
““Stop-Watch-Man”’ stopwatch holder, tube 
cleaner, and 3 gallons of oil for filling bath. Does 
not include viscosity tubes, flasks, thermometers, 
or stopwatch. 


H-54900—‘“‘Precision’’ Saybolt Viscosimeter, two- 
tube capacity. Specify current, voltage, and cycles. 
For 110 or 220 volts, A.C... .. . $215.00 


D.C. available on request. Harshaw Scientific carries 
many other “Precision” items in siock. 
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Reagent Chemicals 


C & B Reagent Chemicals are manufactured to meet 
definite standards of purity . . . standards which have been 
set up to insure products suitable for research and analytical 
use. These standards are based upon the publications of the 
| Committee on Analytical Reagents of the American Chemical 
Society and our own experience of over thirty years in the 


manufacture of fine chemicals. 


. C & B Products are Distributed by Laboratory and Physician 
e 4 Supply Houses throughout the World. 


a 
Write for Copy of our Catalog 

THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


REAGENT CHEMICALS - BIOLOGICAL STAINS 
INDICATORS — SOLUTIONS — TEST PAPERS 
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NNOUNCING ¢ stabilized 


Check these distinctive 


LEN advantages... 


Continuous 51/2” scale—covers full range of pH 
0 to 14... readable to +0.02 pH. 


Electrode system—takes any suitable type... 


but circuit especially designed for high resistance 


glass electrode systems. 


Grounded or ungrounded solutions—can be 
checked with equal erse and accuracy. 


Only 2 controls, 1 switch—standardization and 


temperature-millivolt controls . . . zero switch. 


4 voltag g 0 to +700, 0 to —700, 0 to 
+1400, and 0 to —1400 mv .. . for redox work 
and Karl Fischer Titration measurements. 


Fast warmup—not more than 1 minute. 


Short response time—1.5 seconds . . . for most 
readings. 
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New L&N pH Indicator, Equip. 
ment includes: line-operated pH 
Indicator and Electrode Holder 
Assembly. Indicator case, of 
grey-enameled aluminum, meas- 
ures 10%)” x 10%” x 8%", 


eliminates range changing 
¢ readable to within+0.02 pH 


This converter-type pH Indicator offers remarkable 
stability. Embodying important refinements in circuit 
design, it is unaffected by normal fluctuations in line 
voltage... or by zero drift of the amplifier. 


In lab or plant—you'll appreciate the many advan- 
tages of this new instrument. The few required ad- 
justments are simple to make. Single, continuous pH 
0 to 14 scale eliminates range changing ...a big help 
when you're working near pH 7. And you can read 
to within +0.02 pH...on either grounded or un- 
grounded solutions. . 


Key to stability: the Indicator incorporates the high 
quality shielded converter developed for our Speedo- 
max electronic recorders. Its circuit employs d.c. to 
a.c. conversion, a.c. amplification, and conversion 
back to d.c. for voltage feedback. Conversion sta- 
bilizes zero. Feedback stabilizes gain. 


For details—send for Folder EM9-96(1). Write 4976 
Stenton Ave., Phila. 44, Pa. 
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A Dependable, Time-Tested Pump for use 
where the ultimate'in capacity is Bet 


*x GUARANTEED VACUUM se OPERATING SPEED 
0.1 Micron (.0001 mm Hg) 450 R.P.M. 
%& FREE AIR CAPACITY 3 % VISIBLE OIL LEVEL 


21 Liters Per Minute e@ QUIET 


e DURABLE 


PAT. NO. 


2,337,849 e@ EFFICIENT 


e ECONOMICAL 


Every Welch Pump is 
thoroughly broken in by 
long test runs at our plant 
before being placed 

No. 1400-B stock. Rotor and stator 


DUO-SEAL@VACUUM PUMP surfaces are ground and 
Motor Driven 

polished to tolerance of 

1/10,000 inch. Ruggedly 

constructed, Welch Pumps 

actually improve the 


PRICE 4103.00 IMMEDIATE more they are used. 


Complete with Motor SHIPMENT 


WRITE FOR OUR SPECIAL 
PUMP BOOKLET 


‘WELCH SCIENTIFIC COMPANY 


- CHICAGO 10, ILLINOIS, U S. A. 
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For the first time, the Award in Chemical Education 
is being made at the spring meeting of the American 
Chemical Society thismonth. This award was founded 
by the Scientific Apparatus Makers Association, and 
its first recipient, Dr. Joel H. Hildebrand, was an- 
nounced last fall, to receive the honor in Buffalo this 
spring. 

A more appropriate recipient could not have been 
chosen to initiate the tradition of this award. Tus 
JouRNAL and the Division of Chemical Education 
have worked long and hard for the acceptance of a 
broad definition of the field of chemical education— 
a definition which would not confine it to the classroom. 
Such a definition has been written into the specifi- 
cations for this award, and the qualifications of the 
first recipient are well in keeping with it. Joel Hilde- 
brand is not only a successful teacher of chemistry— 
for elementary as well as graduate students—but fills 
practically every other qualification for distinction 
in the broader field of chemical education. He ‘has 
written copiously and profoundly, not only textbooks 
but scientific monographs; he has contributed to educa- 
tional methods and philosophy; he has been active in 
departmental and university administration; he has 
been a sympathetic and understanding adviser of 
students; he has combined research and teaching in 
ideal fashion and is a recognized authority in his 
special field; he is a leader rather than a follower in 
scientific circles. We are proud to have him set the 
standard for this award. 

At the time this issue is being prepared, his medal 
address is not available, so we are publishing instead 
the paper which he read at the meeting of the American 
Chemical Society last fall. It represents his educational 
philosophy. 


Nominations for the second award, to be given in 
1935, have recently been called for. Any member of 


the American Chemical Society may make a nomina- 
tion, and those interested in doing so may obtain 
details from the Secretary of the Society (1155 Six- 


teenth St., N. W., Washington, D.C.). 1t would seem 
that readers of Tots JouRNAL might be better qualified 
than any other group to suggest suitable candidates 
for this honor. 


Wruen Dr. Robert Burns, the Director of the Bell 
Laboratories, received the Perkin Medal recently 
he brought up a question which is worth a good deal 
of consideration. Impressed with the responsibilities 
of the chemist in a large industrial organization and 
theimportant part he can play in determining and direct- 
ing fundamental policies, he suggested that what we 
need is not more Ph.D.’s but more different kinds 
of chemists. His thought was that we should reserve 
the Ph.D. for the men who show superior talent for 
research but should also provide comparable types 
of training and experience for men with different, 
but equally valuable talents. According to his view 
this would not only be a great benefit to industry but 
might also encourage many more qualified students to 
complete their college education. 

There is food for thought here. Our academic- 
educational structure, erected on a medieval pattern, 
has been badly strained by the complexity of modern 
civilization and industry. We have long known that 
its single path with its culmination “in philosophia 
doctoris” will not handle all the traffic, but perhaps 
we haven’t done enough about it. We have, to be 
sure, provided some alternative types of curricula 
leading to other objectives and degrees, but we have 
tended to regard these as inferior substitutes, with the 
result that the intellectually ambitious have crowded 
onto the road to the Ph.D., which is on the way to 
losing its distinctive scholarly character. We need 
other, equally distinctive culminations to the educational 
road, which will be just as attractive objectives as the 
Ph.D. but which will recognize other types of talent. 
A beginning has been made in this direction, to be sure, 
but the whole problem has never been adequately 
thought out. 
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Cuartes Roserr Durraiss£, distinguished organic 
chemist, was born on August 20, 1885, at Excideuil in 
the French province of Perigord. All of his higher 
training was obtained in Paris and the French capital 
has been the scene of his entire professional career. 
After obtaining the licentiate degree at the Sorbonne, 
he took up the study of pharmacy. In 1911 he was 
awarded the degree of pharmacien de premiére classe by 
the Faculté de Pharmacie and stayed on as assistant. 
In 1917, during World War I, Charles Moureu 
(1863-1929), the then professor at the Collége de France, 
sought the collaboration of Dufraisse in the study of 
various products, that might have use in chemical war- 
fare. Among these possibilities was acrolein, but this 
ethylenic aldehyde had the disadvantage of spontaneous 
resinification. Moureu and Dufraisse proved (1919— 
22) that this change was due to the oxygen of the air. 
With respect to acrolein and other similar polymeriza- 
ble materials, they eventually established that these 
polymerizations are catalyzed by the peroxides pro- 
duced in the autoxidation, and that the process can be re- 
tarded by inhibitors of autoxidation, 7. e., by “antioxy- 
gens.” A small quantity of oxygen is capable of bring- 
ing about these polymerizations which may appear to be 
spontaneous, though the actual catalyst is not oxygen 
but a peroxide which originates in its presence. 

The addition of a phenolic compound or any other 
known antioxygen, prevents the formation of peroxides 
and, therefore, stabilizes those compounds which tend 
to polymerize. 

The discovery of antioxygens has had extremely wide- 
spread consequences involving both practice and theory; 
at present their application is continually increasing. 
Primarily, the discovery of antioxygens provided a 
means of protecting numerous products sensitive to 
oxidation against atmospheric oxygen: rubber (aging), 
fats (rancidity, desiccation, spontaneous combustion), 
fuels (gumming), other hydrocarbons, perfumes, etc. 
The first industrial application of antioxygens is due 
to the Americans Bierer and Davis, who used them in 
_ rubber in 1925. This application was shortly after the 
first publication of Moureu and Dufraisse (1921). 
Another important result of the discovery of anti- 
oxygens was the proof that peroxidesexert a considerable 
catalytic influence in promoting polymerizations. This 
knowledge provides the fundamental basis of the elas- 
tomer industry (Neoprene, Buna, G.R.S., etc.), which 
could not exist without it. It is no less important in 
the manufacture of several other polymeric materials 
(metastyrolene, polythene, etc.). 


* CHARLES DUFRAISSE 


ANDRE ETIENNE 
Collége de France, Paris, France 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


From a theoretical point of view the discovery of the 
antioxygen effect has had no less important conse. 
quences, especially concerning the mechanism of chem- 
ical reactions. It is sufficient to recall that the concept 
and the mechanism of chain reactions were first pos- 
tulated in order to explain the antioxygen effect. 

The research program at this laboratory was con- 
centrated on antioxygens, until 1927, when a part of 
the activity was directed in another direction by the 
remarkable discovery of another important phenomenon, 
namely the reversible oxidation of rubrene, which will 
be discussed presently. Independently of the studies of 
antioxygens, Dufraisse investigated the stereochemistry 
of ethylenic compounds and used his findings as the 
basis of his doctorate thesis (1927). This same year he 
was appointed assistant director of the organic labora- 
tory at the Collége de France. A little later he was 
named professor at the Ecole de Physique et de Chimie 
Industrielles de la Ville de Paris. He divided his 
activity between teaching organic chemistry and his 
researches on photo-oxidizable molecules, which consti- 
tute another important section of his research output. 

These latter studies had their beginning in his investi- 
gation of free radicals derived from acetylenic com- 
pounds. During his attempt to prepare the chloride, 
which he hoped would yield the diphenylphenyl- 
ethynylmethy] radical, he discovered that the latter 
transforms into a ruby-red compound “rubrene.” 
When shaken with air in moderate sunlight, it has 
the remarkable property of fixing a molecule of oxygen 
to form a colorless cyclic peroxide or photooxide. 
When heated at about 120°, the product dissociates 
with liberation of almost all its oxygen in the free 
state and regenerates the original hydrocarbon. Du- 
fraisse named this phenomenon, which bears some 
resemblance to the reversible oxygenation of hemo- 
globin to oxyhemoglobin, reversible oxidation or 
labile union of oxygen to carbon. The intensive studies 
by him and his students have established the exact 
structure of rubrene (5, 6, 11, 12-tetraphenylnaph- 
thacene). They subsequently showed that anthracene 
likewise yields a photooxide and that its mesodiphenyl 
derivative is the most simple acenic compound ex- 
hibiting the curious phenomenon of the labile linking 
of oxygen to carbon. 

Dufraisse’s work has included other domains. 
Typical instances are acrolein plastics (Orca); iso 
morphism; polymorphism in relation to isomerism; 
the photochemical formation of insoluble sulfur and 
its production in crystalline form; thermochemistry; 
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yltraviolet spectrography; etc. At present, the chief 
emphasis is on the study of the chromophoric proper- 
ties of a new type of acetylenic and ethylenic de- 
rivative. 

In 1942, Dufraisse succeeded Marcel Delépine' as 


1 R. E., J. Cem. Epvuc. 27, 567 (1950). 
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titulary in the chair of organic chemistry at the Collége 
de France. The Académie des Sciences has awarded 
him numerous prizes and awards, and in 1948 elected 
him to its membership in the Chemistry Section, 
as successor to Lespieau. Professor Dufraisse holds 
the rank of officier in the Legion of Honor. 


“SUBJECT MATTER VERSUS STUDENT’”’—IS IT? 


Tue general title of this symposium seemed, when I 
first read it, to lend itself to at least two different inter- 
pretations. I might, of course, have written to head- 
quarters to learn which, if either, was the one intended, 
but I did not wish to cramp my freedom to take a 
crack at both, because I could in that way best serve 
the purpose of a symposium of stirring up good, friendly 
argument. 

One interpretation of the topic seemed to be this: 
should the teacher of chemistry be primarily concerned 
with his subject or with his students? This would be a 
special case of a general question posed during recent 
years by schoolmen, ‘“‘Do you teach subjects or do you 
teach boys and girls?” Now this is a trick question, 
designed to justify the substitution of easy pedagogy 
for the rigors of subjects in the curricula of candidates 
for the teaching profession. It is a mere play upon 
words, and does not present a true antithesis. Those 
who ask it with any seriousness have probably never 
studied an inflected language, such as Latin, or German, 
and do not understand the distinction between the 
dative and accusative cases. I try to teach chemistry 
to boys and girls, I do not teach chemistry or boys and 
girls. I cannot teach chemistry to empty air, nor teach 
students unless they are learning something. Every- 
one in this audience has surely studied German, if not 
Latin, and well understands this distinction, but be- 
cause you talk with persons who can be confused by 
such a question, let me give another, more homely 
illustration. If a farmer should say, “I feed my hogs 
corn,” you would hardly ask him which he considers 
more important, feeding hogs or feeding corn. It is 
equally silly to consider “subjects versus children’’ or 


1 Presented as part of a symposium on Subject Matter versus 
Student at the 120th Meeting of the American Chemical So- 
ciety, New York, September, 1951. 


JOEL H. HILDEBRAND 
University of California, Berkeley, California 


“chemistry versus students” as presenting valid alterna- 
tives. I trust that whoever proposed our topic did so 
with the hope that it would draw fire, and will not be 
displeased if I try to land a bullet or two on the target. 

In objecting to the form of the question, I do not, 
however, object to the idea behind it, which is, I take 
it, that good teaching requires that one must not be so 
preoccupied with the subject as to be insensitive to the 
needs of the learner. Effective transmission depends 
both upon the receiver and upon the transmitter. But 
some go farther, and here I follow them with caution 
and even scepticism. Believing as they do, and quite 
rightly, that people need character more than they need 
knowledge, they are tempted to regard zeal for making 
persons good in one way or another as a substitute for 
professional competence. This is a subtle temptation; 
it sounds so altruistic; but I recommend that no one 
should yield to it before considering certain pitfalls. 
In the first place, if your victim suspects that he is to 
be a direct object of your uplifting zeal he is likely, if he 
cannot escape you, to withdraw into a shell, for few 
persons submit willingly to being made good. If that 
is your object you had better keep it dark, and get in 
little jabs at his character when he does not suspect 
you. In the second place, the objective of improving 
other persons’ characters easily becomes trying to 
implant what educators call “desirable” traits, which 
means, bluntly put, trying to make others like them- 
selves. That may be all right, but the effort should be 
accompanied by much humble soul-searching. In the 
third place, it is very difficult indeed to teach character, 
far more difficult than to teach chemistry er even arith- 
metic. One cannot learn how to do it by taking courses 
in a school of education. Character cannot be taught 
as subjects are taught; it does not consist of facts, 
formulas, and rules; it cannot be explained like proposi- 
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tions in geometry. It is not something to be under- 
stood, it is to be caught, acquired, developed. The 
character of the teacher, if it seems admirable to the 
student, may influence him strongly, but what the 
teacher is far outweighs what he says. We need, not 
courses on character but teachers with character— 
teachers who are so honest that they try first of all to 
do a competent job with the subject. There is no sub- 
stitute for professional competence. Of course, good 
teaching does not stop there, it requires not only thor- 
ough knowledge of the subject but also sympathetic 
understanding of students. For us it should be not 
chemistry versus students but chemistry and students. 
And far from weakening the emphasis upon chemistry 
in the interest of strengthening character, I suggest that 
chemistry is a good medium for impressing several of 
the basic elements of good character, such as integrity, 
objectivity, accuracy, industry, and capacity for dis- 
interested interest in the ways of nature. 

A second possible interpretation of “subject matter 
versus the student” is that chemistry and the student 
are two parties to a conflict. Indeed, we often hear 
that this or that student is ‘‘struggling”’ with chemistry, 
and we see some of them obviously going down to 
defeat. One of mine, for example, confronted by a 
question in acidimetry, once wrote, “This problem 
could be solved by moles and equivalents, but not by 
me, and by the atomic weights it is too long.” An- 
other, asked to give an example of heterogeneous 
material wrote, “sawdust, from which the dust can be 
extracted by mechanical means.” Still another gave 
this ‘conclusion regarding air, “Air cannot be a chemical 
compound because chemistry was not invented till 
thousands of years after the creation.” The distinc- 
tion between an element and a compound I once learned 
to be as simple as this, ‘“‘an element floats while a com- 
pound sinks.” An example of metathesis is “A plus B 
squared = A? + 2AB + B?.” The chief use of CO», I 
once learned, “is to prepare H,SO,, champagne and 
other sparkling waters which do not occur free.” 

Such returns as these, one must admit, do sound like 
defeat, but they are as a matter of fact relatively rare, 
and not characteristic of a class as a whole. Such 
answers come from victims of poor high-school train- 
ing; or of parental ambition outrunning the ambition 
of the student; or of such preoccupation with what are 
called “student activities’ that studies are inactivities; 
or of poor choice of ancestors, like the student whose 
mother wrote, “Mr. X is willing to do his work and is 
putting forth every efford. Due to serious headaches 
in his head that causes his blood to rush faster than 
usual to-his head, and it keeps him from thinking as he 
should.” 

The large majority of students in my freshman 
classes do not display antagonism to the subject. For 
most it is a recognized part of the foundation for their 
intended occupations. For some it is the science in a 
liberal arts curriculum, deliberately elected from a 
variety of possibilities and studied with eager curiosity. 
A not negligible number arrive in the university already 
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fascinated by the subject through experience with home 
chemical sets or exposure to superior teaching in high 
school. And finally, if these incentives have been 
weak, what other subject of freshman study affords the 
lecturer such opportunities to make the subject interest- 
ing as does chemistry—with the variety of colors, odors, 
explosions, and volcanoes at his command, as well as 
other experiments, less dramatic, perhaps, but more 
thought provoking. Of course, if they are to be ef- 
fective they must not very often fail. One must not 
have to offer an excuse like the one made too fre- 
quently by a certain lecturer, ‘Well, gentlemen, the 
experiment is a failure but the principle holds just the 
same.” 

But the conflict metaphor is inappropriate for an- 
other reason; chemistry is not a party to a struggle; it 
does not attack the student. A better metaphor would 
be that it is intellectual food, intended to nourish and 
strengthen him—even if rather rich, it must be con- 
fessed, for weak digestions. Or, it presents a succession 
of hills and mountains for him to climb, if he has the 
necessary stamina and determination. But there are 
no trenches on the slopes filled with enemy troops to 
oppose his ascent. Each of these eminences affords an 
interesting purview to those who surmount it. Both 
the view from the top and the satisfaction of being able 
to achieve it furnish motives for the ascent. The more 
difficult the climb, the greater is the satisfaction in 
being able to make it. 

In my long observation of student motives, attitudes, 
and reactions, I have come to the conclusion that 
where a sense of hostility exists it is more often between 
student and teacher than between student and subject, 
and even where the latter exists it arises all too often 
from a spread of distaste from instructor to subject. I 
ask your permission, therefore, to alter the topic to 
‘instructor versus student” and see what we can make 
of it. Where that conflict is felt by either party, it is 
easy for each to blame the other, and that does not get 
one very far. I propose, therefore, that we at least 
begin by giving the student the benefit of the doubt and 
consider what grounds a student may have for the 
antagonism which he may feel towards his instructor. 
Such antagonism would not be so serious if the instruc- 
tor were the only loser, but it is a grave matter for an 
instructor to get between student and subject and spoil 
it for him. To realize that this is often the case we 
have only to recall our own experiences as students. 1 
know of one student for whom the beautiful subject of 
organic chemistry was long made distasteful by being 
presented only as formulas and recipes, melting and 
boiling points, copied out by the instructor from a text- 
book the hour before the lecture and then retailed for 
students to copy in their turn. It would have been far 
better if that particular instructor had taken himself 
out of the way and let students study directly from the 
book, in their own rooms, in comfortable chairs. The 
moral of this case is that most knowledge is available in 
adequate books, and a teacher who merely recites from 
the book is wasting students’ time. The author of the 
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book may be a better man than the instructor, and it 
should be taken for granted that students can read. If 
the teacher has no effective supplement to the book, he 
should change his job. 

Every lecturer would do well, in my opinion, to main- 
tain a sceptical attitude towards his own lectures. I 
have almost always led a quiz and laboratory section 
as a post-mortem on my own lectures, and many has 
been the time that I have discovered by talking with 
students that what I supposed I had made crystal clear 
in lecture was about as clear to them as a San Francisco 
fog. In the absence of such appraisal, the lecturer may 
easily think his lectures much better than they really 
are. It has been ironically remarked that the two chief 
advantages of lecturing are, first, that it helps the pro- 
fessor to develop a fine, confident personality because he 
never hears criticism and, second, that it enables the 
student to get an education without ever having to 
learn to read. 

I must not neglect to mention another, even simpler 
method of appraising one’s teaching, which is to look 
into the faces of the class for signs that their minds are 
in operation. A teacher has ample opportunity, from 
the responsiveness of his class, from informal quizzing, 
and from friendly conversation with individual stu- 
dents, to appraise the effectiveness of his teaching. He 
needs no questionnaires circulated at the instance of 
administrative officers. Such questionnaires consti- 
tute an unwarranted interference with the delicate, 
difficult task of establishing friendly relations between 
student and instructor which I would deeply resent; 
they suggest that the instructor may not be fair, or 
interesting, or competent, or master of hissubject. The 
administration which has to learn these things from 
students should have its own competence and fairness 
appraised by a questionnaire prepared by the faculty. 
There are dozens of ways to improve teaching,” but the 
anonymous, administrative questionnaire is not one of 
them. No man who is dull, humorless, or pedantic is 
to be scared by questionnaire returns into becoming 
suddenly brilliant, stimulating, and sympathetic. 

This reminds me to state that I have a plan for deter- 
mining the proper time for the retirement of a professor. 
It is a substitute for arbitrary retirement at some uni- 
form age, 65, 67, or 70, as the case may be. Professors 
are supposed by trustees to become suddenly incapaci- 
tated at some such age, although trustees, of course, 
remain just as good after these ages as they were before. 
My plan includes, first of all, a surreptitious count of 
the fraction of his classes still awake at 15 minutes be- 
fore the end of the period; second the same criteria of 
scholarly productivity as were applied upon promotion 
to the full professorship; third, secret testimony from 
colleagues regarding the candle power of his conversa- 
tion at the faculty club lunch table; and finally, evi- 
dence of ability to ski, climb mountains, or dive from 
the 12-foot springboard. (I put this last in for my own 
benefit, to help out in case I should be adjudged weak 
on any of the other counts.) I think my plan is so 


2 Bull. Am. Assoc. Univ. Prof., 5, 638 (1945). 
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good that it might well be applied to professors long 
before the age of 65. I am confident that it would 
diminish the instances of conflict between student and 
instructor. Indeed, I think so well of it that I recom- 
mend a corresponding plan for self-application by 
boards of trustees. 

Now if you will continue to think of your own 
student days, you will recall, I doubt not, irritation 
over the habit of some teachers of trying to appear to 
know all the answers. They tell in advance how every 
lecture experiment is going to turn out, thus entirely 
spoiling it for the student as an experiment. They try 
to arouse admiration for themselves instead of curiosity 
about the ways of nature. They fail to give students a 
true impression of the unexplored areas of science, and 
of the dynamic, tentative nature of scientific endeavor. 

Another source of student disgust is failure to be 
considerate and courteous, abuse of authority, enjoy- 
ment of the sense of power derived from having students 
at one’s mercy. It is all too easy to become exasper- 
ated, to assume that dullness in the student is volun- 
tary. Sometimes, indeed, it is, but not ordinarily. We 
easily forget that chemistry is indeed difficult, and that 
even we, ourselves, once had some trouble with it, and 
that we did not respect instructors who acted toward us 
like “‘schoolmarms.” 

Again, nothing is more effective in maintaining the 
good will of the student than the utmost fairness in 
grading. He should feel convinced that the same 
standards are being applied to every member of the 
class, and that his grades do not depend upon his good 
or bad fortune in the assignment of section leaders. I 
could say a good deal about machinery for attaining 
this end. 

I think it helps also to recognize the great spread of 
preparation, interest, and ability in a freshman class 
and to arrange both instruction and grading so that the 
brightest and well prepared are stimulated to do their 
best, while the slower and more poorly prepared are not 
disheartened by too many tasks far beyond their capac- 
ity. This also calls for ingenuity on the part of the 
one in charge of the course, but it can be done. 

But now, in conclusion, I do not wish to be lecturing 
you, my professional colleagues, like a schoolmarm 
myself, nor do I wish to appear peevish about the title, 
“Subject Matter versus Students.” I have had my 
fun with it, deliberately giving it my own interpreta- 
tions. There is a third interpretation, one to which we 
doubtless all subscribe, which, I take it, may be para- 
phrased somewhat as follows: our task is not to stuff 
subject matter down the throats of students for them 
to regurgitate to us on demand, but rather our privilege 
is to develop in each student whatever capacity he may 
have for clear thinking and for appreciating and under- 
standing something of the great science of chemistry. 
Anything that we can add as a side line in the way of 
character development is all to the good. Teaching so as 
to achieve such aims, however imperfectly, is a high 
calling, and one which is worthy of all the skill and 
devotion we can bring to bear upon it. 
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Tue digestive action of gastric juice was known to 
de Réamur and to Spallanzani, but the first definite 
enzyme discovered was possibly the enzyme in plant 
roots that was observed by Planche in 1810 to turn 
tincture of gum guaiac blue, or else the amylase, or 
starch-digesting enzyme of wheat, found by Kirchoff 
in 1814. After this time other enzymes were discovered 
and by 1900 it was clearly understood that enzymes 
were necessary for digestion and that other enzymes, 
present in living cells, catalyzed various other chemical 
reactions. However, the tremendous importance of 
enzymes for life has come to be fully appreciated only 
during the past 20 years. The investigation of en- 
zymes and enzymic reactions has already partly ex- 
plained such phenomena as photosynthesis, nitrogen 
fixation, muscular contraction, nervous conduction, 
growth, disease, and the production of cold light. 
At the present time the chemist, physiologist, bacteri- 
ologist, and medical scientist are all interested in 
enzymes. The up-to-date bacteriologist is an enzyme 
chemist pure and simple and the organic chemist who 
is not well informed about enzymic reactions is behind 
the times. A very rapid development is now taking 
place in this field. 

The ability of any organism to carry on and also to 
adapt itself is truly remarkable. It can digest foods, 
detoxicate poisons, and synthesize complicated hy- 
drocarbons, carbohydrates, lipids, and proteins, as 
as well as dyes, drugs, perfumes, alkaloids, and toxins. 
It has been found that the enzymes of various species 
are frequently similar and that the reactions catalized 
by these enzymes are identical. Thus glycogen is 
broken down step by step in both animals and in yeast 
cells in practically the same way until the last steps are 
reached. In yeast the products formed are largely alco- 
hol and carbon dioxide, in animals water and carbon di- 
oxide. Now why is there this similarity? Is it because 
all living things, in spite of their diverse outward ap- 
pearances, are related, or is it because the chemical re- 
actions required for life are limited in number? 
Enzymes are significant because they are the agents 
responsible for life. They are what makes the living 
thing tick. Life without enzymes would be impossible. 
Genes are believed to bring about the synthesis of 
enzymes, and for every enzyme some four or five 
different genes are believed to be necessary. Enzymes 
are sometimes observed to be identical with toxins, 
but some toxins have not been shown to exert enzyme 
action. Tetanus toxin, now known to be a crystal- 
lizable protein, is so poisonous that 1 mg. would suffice 
to cause the death of 100 tons of guinea pigs. It is 
difficult to conceive of a chemical reaction that could 
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be the cause of this toxicity. Since toxins are de. 
stroyed by heating, well-cooked tetanus toxin probably 
would be a palatable food. 

Hormones are thought to function by modifying the 
action of enzymes. Vitamins are employed by cells 
as materials for the synthesis of certain enzymes, 
usually oxidizing enzymes. Viruses certainly are not 
enzymes, although some viruses contain enzymes, 

We now realize that protoplasm is a mixture of en- 
zymes. These enzymes are not distributed at random 
in the cell, but are localized in certain structures, 
Some enzymes are found in the cytoplasm, others in 
the nucleus. One enzyme, lecithin phosphatase, is 
present exclusively in the nucleolus. One group of 
enzymes, the Krebs cycle enzymes, occurs in the 
mitochondria. Cells which excrete enzymes produce 
granules in»the vicinity of the Golgi apparatus and 
these granules are thought to be composed of these 
particular enzymes. 


PROPERTIES OF ENZYMES 


The author (1) first showed in 1926 that the enzyme 
urease was a crystallizable protein, and Northrop 
(2) crystallized pepsin in 1930. Since then many 
other enzymes have been obtained in pure and crystal- 
line condition and have been shown to be proteins. 


Urease is probably the easiest of any enzyme to crystallize. 
Stir 100 g. of jack bean meal with 500 ml. of 32 per cent acetone 
at 28°C., pour upon a filter, and place in the ice chest. The next 
day the filtrate will be found to contain microscopic urease 
crystals. Urease can be tested quantitatively by allowing an 
aliquot of properly diluted urease solution to act upon urea in 
neutral phosphate at 20°C. at pH 7.0 for five minutes. The 
ammonia formed is then determined quantitatively. 


Enzymes are usually colorless, but may be yellow, 
green, blue, or greenish brown. Most enzymes are 
soluble in water or dilute salt solutions, but some 
occur attached to insoluble portions of cells and either 
cannot be made to dissolve or else can be dissolved 
only by an unusual procedure. Diaphorase is an ex- 
ample of the latter type. Straub (3) was able to pre- 
pare solutions of this enzyme by heating the suspended 
material (washed heart tissue) to 43°C. in a solution 
of dilute ethyl alcohol and ammonium sulfate at pH 4.6. 

The catalytic activity of some enzymes is very 
great. For example, one molecule of beef-liver cata- 
lase will decompose five million molecules of hydrogen 
peroxide every minute at 0°C. This is called the 
“turnover number.” Blood catalases are still more 


active than liver catalase. One can never be dogmatic 
The 


about enzymes. Some are rather inactive. 
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“old yellow enzyme” has a turnover number of only 
50 and /-amino acid oxidase (4) of rat kidney has a 
turnover number of only 7. 

Most enzymes are very unstable and are destroyed 
upon heating to 80°C. Lipoxidase in dilute solutions 
js totally destroyed upon shaking gently in a test tube 
for five minutes. However, a solution of peroxidase 
kept by the author nine years in an ice chest was found 
to be very active. A catalase solution dried in an 
oven at 80°C. for 24 hours was very active. 

One of the most striking and characteristic properties 
of enzymes is their specificity. We find different 
varieties of specificity. Thus urease is absolutely 
specific. Of all of the hundreds of substrates which 
have been tested urea is the only one which is hydro- 
lyzed by it. Recently Shaw and Kistiakowsky (6) 
claimed that urease could hydrolyze biuret. In a 
later publication they admitted that their biuret 
contained urea. 

Some enzymes are relatively specific. Peroxidase 
is an enzyme in this class. It catalyzes the oxidation 
of an indefinite number of phenols and aromatic amines 
in the presence of hydrogen peroxide or other peroxides. 

One of the least specific enzymes is the xanthine 
oxidase of milk. This enzyme catalyzes the oxidation 
of alcohols, purines, and also reduced coenzyme I. 

Enzymes exhibit stereochemical specificity. As an 
example of this sort of specificity, the#-glucosidase 
of sweet almonds will catalyze the hydrolysis of an 
indefinite number of 6-glucosides, but does not affect 
a-glucosides. a-Glucosides are hydrolyzed by the 
a-glucosidase of yeast. d-Amino acid oxidase brings 
about the oxidation of d-amino acids only, while /-amino 
acid oxidase acts upon /-amino acids. 


COENZYMES 


It has been mentioned previously that enzymes are 
either simple proteins or else conjugated proteins. 
Those that are conjugated proteins are composed of 
a protein part united with a prosthetic group of low 
molecular weight. This prosthetic group, known as the 
coenzyme, is composed of some vitamin, modified by 
the addition of phosphoric acid or phosphoric acid plus 
certain organic groups. It is evident that we eat 
vitamins in order to obtain material necessary for 


the synthesis of enzymes. 
The affinity of the coenzymes to the protein part of 
the enzyme (apoenzyme) varies considerably. In 


diphosphoglyceric aldehyde dehydrogenase the co- 
enzyme, coenzyme I, is loosely bound. This is of 
advantage in the production of ethyl alcohol by yeast. 
Here the diphosphoglyceric aldehyde gives up hydrogen, 
and this is taken up by the coenzyme. The coenzyme 
then migrates off and unites with the protein part 
of alcohol dehydrogenase. This enzyme now gives up 


its hydrogen to acetaldehyde, thereby forming ethyl 
alcohol. 

Warburg and Christian (6) succeeded in splitting 
the “old yellow enzyme” into its prosthetic group, 
riboflavin phosphate, and its protein part. 
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Their second and most satisfactory method consisted in adding 
12.5 ml. of saturated ammonium sulfate to 12.5 ml. of enzyme 
solution and then adding with stirring 4.4 ml. of 0.1 N hydro- 
chloric acid. The precipitated apoenzyme was centrifuged down, 
washed once at 0°C. with 25 ml. of half-saturated ammonium 
sulfate, dissolved in 2 ml. of 0.5 M phosphate of pH 7.4 at 0°C., 
and diluted to 12.5 ml. The mother liquor, containing riboflavin 
phosphate, was brought to pH 7.4 by the addition of 0.5 M di- 
basic phosphate. When the solution of the apoenzyme was mixed 
with the solution of riboflavin phosphate the old yellow enzyme 
was reconstituted. 


Warburg and Christian (6) took the apoenzyme part 
of the “old yellow enzyme” and by adding flavine 
adenine dinucleotide to this were able to synthesize 
an entirely new enzyme. The properties of this new 
enzyme were the same as those of the “old yellow 
enzyme.” 

Warburg and Christian (7) split d-amino acid oxidase 
into its apoenzyme and its prosthetic group, flavine 
adenine dinucleotide, or FAD. The enzyme can be 
reconstituted by adding these two parts. The apo- 
enzyme of d-amino acid oxidase can be kept indefinitely 
in the dry state in the ice chest and is of value if one 
wishes to test for small quantities of FAD. Here one 
adds the solution suspected of containing FAD to a 
solution containing 1 mg. of the apoenzyme in pyro- 
phosphate buffer. One next adds d-alanine and in- 
cubates. If FAD was present the d-alanine will be 
oxidized to pyruvic acid and ammonia. 

Theorell (8) was able to split purified horse-radish 
peroxidase into its protein part and hematin and to 
resynthesize peroxidase by adding hematin to the pro- 
tein. Gjessing and Sumner (9) have attempted to 
synthesize various peroxidases by adding to the apo- 
enzyme of horse-radish peroxidase the hematin part 
after replacement of the iron atom of the hematin 
with such metals as cobalt, manganese, copper, and 
nickel. They found that the compound of the apo- 
enzyme with manganous protoporphyrin had some 
activity, and that compounds of the apoenzyme 
with mesohematin and hematohematin also possessed 
activity. Theorell (10) found that the mesohematin 
compound possessed activity but that the other com- 
pounds did not. In a recent article Maehly (1/1) 
compares the activity of three synthetic peroxidases 
with the activity of ordinary (protohematin) per- 
oxidase. This is shown in the following table. 


Prosthetic Percentage 
group activity 
Protohematin 100% 
Deuterohematin 63% 
Mesohematin 
Azahematin 20% 


THE MECHANISM OF ENZYME ACTIVITY 


An enzyme does not act by its mere presence and thus 
is not similar to the philosophers’ stone, which was 
assumed by the alchemists to be capable of trans- 
muting base metals into gold. Michaelis and Menten 
were among the first who proposed that the enzyme 
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forms an intermediate compound with the substrate 
and that this compound then decomposes into the 
products and the original enzyme. In 1941 Sumner 
and Dounce (12) proposed that the enzyme catalase 
reacts with hydrogen peroxide to form a peroxide of 
catalase and that this peroxide then reacts with a 
second molecule of hydrogen peroxide, regenerating 
the catalase: 


Cat.OH + H,0. = Cat-OOH + 
Cat.0OH + = Cat-OH + + O, 


The work of Chance (13) has proved conclusively 
that this hypothesis is basically correct. 

In the introduction to his book, “The Hydrogen- 
transferring Enzymes,’ Warburg (14) makes the 
statement that the most important task confronting 
the enzyme chemist is to explain why an enzyme 
acquires activity when the protein part unites with 
the prosthetic group. It would appear likely that the 
activity of an enzyme possessing a prosthetic group is 
connected somehow with a linkage formed between 
the substrate and both the prosthetic group and the 
protein part of the enzyme. It is probable that the 
specificity of an enzyme is the result of a uniting of 
the substrate with the protein part of the enzyme. 
A large number of enzymes have been found to 
require metallic ions for their catalytic activity. Thus, 
arginase requires manganous, cobaltous, or other di- 
valent ions; phosphoglucomutase requires magnesium, 
manganous or cobaltousions; most of the phosphatases 
require magnesium ions and so do the peptidases. 
E. L. Smith (75) and others have postulated theories to 
explain how these metallic ions might function by 
forming linkages between the enzyme and its substrate. 
These explanations doubtless are very suggestive but 
they have not yet explained the whole story. 

Oxidation brought about by enzymes has been 
described as an addition of oxygen, as a loss of hydrogen, 
or as a loss of electrons. Certain enzymes are spoken 
of as oxidases and others as dehydrogenases. Glucose 
oxidase, otherwise known as notatin, is an enzyme 
present in molds and is ordinarily considered to be 
an aerobic oxidase. It oxidases d-glucose to gluconic 
acid and hydrogen peroxide if gaseous oxygen is present. 
Bentley and Neuberger (1/6) have postulated that if 
this enzyme adds one atom of oxygen to the glucose 
and one to water containing heavy oxygen the reaction 
will be: 


CoHi206"* + + H,0% = + 


In this case hydrogen peroxide containing heavy oxygen 
would be produced. This was found not to occur. If 
glucose oxidase causes a dehydrogenation the reaction 
will be: 

+ + H,0' = CoH + + 
Here the hydrogen peroxide will contain ordinary 
oxygen. This was found to be true. Therefore, 


glucose oxidase is a dehydrogenase. It splits two atoms 
of hydrogen from the glucose molecule, forming the 
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é-lactone of gluconic acid which later hydrates to 
gluconic acid. The two atoms of hydrogen go to the 
isoalloxazine ring present in the glucose oxidase: 
next this reduced enzyme reaets with gaseous oxygen 
and forms hydrogen peroxide. 


INFLUENCE OF THE NUTRITIONAL STATE 


Well-nourished animals contain greater enzyme 
concentrations than starving animals. In some cages 
an enzyme may be absent in a young animal. Thus, 
Westerfeld and Reichert (17) showed that young rats 
contain no xanthine oxidase in their livers, but rapidly 
develop this on a diet rich in liver, cream, and protein, 
Some unknown substance that occurs in cream and 
liver is necessary. 


SYNTHESIS WITH ENZYMES 


For many years the synthesis of starch, cane sugar, 
fats, proteins, and hundreds of other compounds was 
looked upon as a mysterious process that required 
living cells. The best explanation offered was that the 
synthetic reaction was catalyzed by the same enzyme 
that could cause a breakdown or a hydrolysis and that 
a reversal of the hydrolysis was somehow brought 
about by .a removal of water. Every chemist is 
familiar with the expression: 


(C,H,OH)(CH,COOH) _ 
~ 


K 


Here K is the equilibrium constant and its value is 
about 0.25. If water is added to this system more 
acetic acid and alcohol are formed. If water is removed 
more ethyl acetate is formed. The enzyme catalyzing 
this reversible reaction is esterase. Bourquelot and 
Bridel (1/8) were able to synthesize a number of #- 
glucosides using the §-glucosidase of sweet almonds 
and allowing it to act upon d-glucose and various 
phenols. Here the concentration of water was dimin- 
ished by employing alcohol in a concentration of 
30 per cent, or more. 

In living cells synthesis is probably brought about 
in a different way. In some instances a compound is 
hydrolyzed by one route and is synthesized by an 
entirely different route. Thus, urea is hydrolyzed 
to ammonium carbonate by the enzyme urease. It is 
produced together with ornithine by the action of 
arginase upon arginine. Later on, enzymes in the 
liver convert the ornithine into citrulline and then 
into arginine, which is again acted on by arginase. 

Enzymic reactions can be divided into (1) the type 
which proceeds to completion, and (2) the type which 
goes to a point of equilibrium where both substrates 
and products are present in measurable amounts. 
As examples of the first type we have: 


2H,0, = 2H,0 + O, 


Here the enzyme is catalase. 
acted for a short time there will remain no detectable 
quantity of hydrogen peroxide. Another reaction 
of this sort is: 


After this enzyme has J 
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HCN + Na.S.0; = NaSCN + NaHSO; 


This reaction is catalyzed by rhodanese, present in 
liver. Here again we find that after a short time no 
trace of hydrocyanic acid remains. ‘Teleologically it is 
important to have both hydrogen peroxide and hy- 
drocyanic acid completely removed, since they are 
yery poisonous. A third reaction of this type is: 


sucrose — gum dextran + fructose 


This reaction is synthetic, since gum dextran has a 
molecular weight of 1 to 2 millions. The reaction goes 
to completion. By testing immunologically for the 
gum dextran it is possible, according to.Hehre (19), 
to detect. the presence in the original solution of 1 part 
of sucrose in 100,000 parts of water. 

An example of the second type of reaction is: 


glucose-6-phosphate — fructose-6-phosphate 


This reaction is catalyzed by phosphohexose isomerase. 
At the point of equilibrium there is 70 per cent of 
glucose-6-phosphate and 30 per cent of fructose-6- 
phosphate. 

Another reaction of this second type is: 


glucose-1-phosphate = starch amylose + phosphate 


This reaction is catalyzed by phosphorylase. At 
equilibrium at pH 7.0, using rabbit muscle phos- 
phorylase, the Coris (20) found the concentration of 
glucose-!-phosphate to be 23 per cent and the concen- 
tration of phosphate 77 per cent. The reaction will 
not go from left to right unless a trace of glycogen or 
amylopectin is present. It should be pointed out that 
the reaction here is a phosphorolysis and not a hy- 
drolysis. 

One more type of reaction remains to be discussed. 
This is the endergonic type, as contrasted with the 
preceding types which are spoken of as exergonic. 
In the endergonic reaction energy must be supplied. 
This comes from the breakdown of adenosine tri- 
phosphate, or ATP. Thus, the synthesis of glucose- 
6-phosphate, which is catalyzed by hexokinase is: 


glucose + ATP = glucose-6-phosphate + ATP 


By employment of ATP, or systems which form ATP, 
biochemists have synthesized urea, glutamine (from 
glutamic acid), acetyl choline, and compounds with 
peptide bonds. 

A number of years ago Vestin (21) synthesized 
coenzyme II by incubating coenzyme I with ATP and 
yeast juice. More recently coenzyme I, riboflavin 
phosphate, and flavin adenine dinucleotide have been 
synthesized by the action of enzymes. 


THE ACTION OF HORMONES UPON ENZYMES 


The hormones are doubtless produced by the action 
of enzymes and likewise are destroyed by enzymes. 
The question which confronts us Fere is how hormones 
exert their action upon the animal and why an ex- 
tremely minute amount of hormone can be so effective. 
It has been demonstrated that the administration of a 
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hormone can alter the concentration of an enzyme in an 
organ but this change in concentration by no means 
explains the characteristic effect of the hormone. At 
a recent symposium of the New York Academy of 
Sciences (22) much experimental evidence was offered 
and many theories were described, but no satisfactory 
explanations were reached. 


POISONS 


When an animal, plant, or microorganism is poisoned 
the effect is due mainly to the action of the poison upon 
the enzymes. Medicines, which usually are to be 
classified as poisons, exert their effect by inactivating 
either the enzymes of the host or else the enzymes of 
the invading microorganism or parasite. In the case 
of poisoning by cyanide, some of the enzymes that are 
inactivated are catalase, the peroxidases, and cyto- 
chrome oxidase. Jodoacetate inactivates phosphogly- 
ceric aldehyde dehydrogenase, while fluoride inacti- 
vates enolase. The choline esterases are inactivated by 
such poisons as prostigmine, eserine (an alkaloid from 
the Calabar bean), and by tri-o-cresyl phosphate, 
diisopropyl! fluorophosphate, ethyl paranitropheny] thi- 
onobenzene phosphate and tetraethyl pyrophosphate. 
Curare and quinine also inactivate the choline esterases. 

Lewisite, the “war gas,’”’ is believed to derive its 
destructive effects by reacting with enzymes which 
contain sulfhydryl groups: 


R + ClAsCH=CHCI] = R AsCH=CHCI + 2HCl 
\sH \s/ 

tissue enzyme Lewisite 


The antidote for Lewisite is British Anti-Lewisite or 
2,3-dimercaptopropanol, which replaces Lewisite, set- 
ting the enzymes free. Enzymes that contain SH- 
groups unite readily with mercuric, silver, lead, and 
other metallic ions. 

Hundreds of other examples of the inactivation of 
enzymes by poisons are known. 

When enzymes are present in the wrong place they 
can act as poisons. Thus, a milligram of crystalline 
trypsin injected intravenously into a rat is said to 
cause death in about four minutes. If papain is 
injected into the circulation it will cause death 
by intravascular coagulation. One-seventeenth of a 
mg. of crystalline urease will kill a 2-kg. rabbit within 
a few hours by producing poisonous ammonium salts 
from the rabbit’s urea. Snake venom has been shown 
by Zeller (23) and others to be a concentrated solution 
of various enzymes. When the venom is introduced 
into the body it immediately begins to tear the tissues 
apart by hydrolysis and oxidation. The animal simply 
disintegrates. Scorpion and bee venoms are similar 
to snake venoms, but smaller quantities are injected 
by these insects. Scorpion bites do not kill adults but 
often are fatal to children under five years of age. 
One of the harmful enzymes in venom and present 
also in bacteria is lecithinase A. This decomposes the 
lecithin in the body into lysolecithin. The lysole- 
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cithin thus formed destroys the erythrocytes. Another 
enzyme in venom is ATPase. This destroys the ATP 
which is necessary as a primary source of energy. 
Bacteria often contain the enzyme hyaluronidase. 
This digests the hyaluronic acid present in the skin 
and tissues and allows the bacteria to spread.’ Hy- 
aluronidase is present in spermatozoa where it per- 
forms the useful function of digesting away cumulus 
cells surrounding the ova and allowing fertilization 
to occur. 


ENZYMES AND FOODS 


Foods can lose their flavor because their volatile 
constituents are allowed to evaporate (keep coffee in 
the deep freeze) or can lose their color when exposed 
to sunlight (fugitive coloring matters such as antho- 
cyanins), but the important changes that are likely 
to happen to foods are brought about by enzymes. 
These enzymes may belong to the foods themselves 
or may be introduced in the bacteria, yeasts, molds, 
insects, rats, or mice that have access to the foods. 

As an example of the spoilage of foods by enzymes 
already present, mention can be made of the lobster, 
which after death quickly undergoes self-digestion, 
or autolysis, and must therefore be kept alive until 
ready to be boiled. Bananas will ripen by the action 
of their own enzymes and finally become over-ripe 
and worthless. Potatoes that have been cut into 
slices turn brown and then black, as every housewife 
knows. The enzymes that cause this oxidation are 
laccase and tyrosinase. 

When there is bacterial contamination of foods 
some of the products formed by enzymes can cause 
serious poisoning. Yeasts can be used to preserve 
foods. Thus, the natives in both Africa and South 
America chew starchy grains or roots and spit out the 
chewed material into a container of bark. The saliva 
contains amylase, which digests the starch. This 
forms maltose. Yeasts fall into this material and 
bring about alcoholic fermentation. The alcohol thus 
formed is thought to have a preservative effect. Later 
the material is eaten. 

There are three procedures which can be employed 
to prevent the destruction of foods by the action of 
enzymes. These are heating, which usually destroys 
the enzymes, drying, which inactivates the enzymes, 
and cooling to low temperatures, which greatly dimin- 
ishes the action of enzymes. 

Enzymes are responsible for the synthesis of vitamins 
and can also destroy vitamins. Thus, the lipoxidase 
in soybeans oxidizes and destroys vitamins A and the 
carotenes (provitamin A). Ascorbase, present in 
many vegetables, destroys ascorbic acid. Thiaminase, 
present in certain fresh-water fish, destroys vitamin 
Bi, or thiamine. 

Penicillin, which is an antibiotic and not a vitamin, 
is destroyed by penicillinase, present in certain bacteria. 


ENZYMES AND DISEASE 
Enzymes are intimately connected with disease. 
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Just what their connection is we do not yet fully under. 
stand. Investigation of cancerous tissue has shown 
that the concentrations of enzymes differ from those in 
normal tissue but has not shown anything more 
When cancer of the prostate occurs with metastases 
the blood is very high in acid phosphatase, an enzyme 
which is most active at pH 5.0. Alkaline phosphatase 
of the blood is found to increase in parathyroidism 
various diseases of the bones, and jaundice. Amylase 
and lipase are increased when there is fibrosis of the 
pancreas. 

Enzymes are somehow concerned with aging and 
therefore are of interest to the student of geriatrics, 
The enzymes of bacteria that produce lactic acid are 
responsible for tooth decay. 

In order to treat disease in a purely scientific manner 
we must first thoroughly understand all physiological 
phenomena. This requires a knowledge of enzymes 
and the chemical reactions which they bring about. 
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* STABILIZATION OF OXIDATION STATES 
THROUGH COORDINATION’ 


T ue activity in the field of coordination compounds is 
very great at the present time as a result of recognition 
of coordination and coordination compounds as ex- 
tremely interesting and fertile sources of fundamental 
knowledge. The significance of coordination compounds 
in life processes and in the chemistry of practically all 
metals is now wellknown. It is generally recognized (al- 
though frequently forgotten) that simple ions are incap- 
able of existence except under special circumstances such 
as in the gaseous state. The life of such gaseous ions 
is very short. In solution, all ions are combined with 
the solvent to some extent, so that the chemistry of 
most metals, as we know it, is the chemistry of the 
aquated ions. Because the number of water molecules 
attached to the ions is indefinite or not known, it is 
common practice to omit the water molecules in writing 
the formulas of ionic species in solution. The omission 
of water from the formulas is justifiable only as long 
as one does not lose sight of the fact that we are not 
dealing with simple ions. — 

The term oxidation state is used here in preference to 
the more common term valence because it avoids the 
ambiguity encountered in determining the valence of a 
metal in a coordination compound. The oxidation 
state is equal to the number of electrons needed -to 
change the central atom of a coordination compound 
to the free metal without causing any oxidation or 
reduction of the ligand atoms or molecules. In certain 
cases, some doubt concerning the correct oxidation 
state of the metal remains, because of the uncertainty 
of the nature of the coordinating agent in the coordi- 
nation compound. For example, nitric oxide could 
coordinate as the free molecule, as the positive ion, 
NO+, through loss of an electron to the metal atom, 
or as the negative ion, NO~, through gain of an electron 
from an electropositive atom. The evidence is in 
favor of coordination of the positive ion in most cases 
through transfer of one electron from the nitric oxide 
molecule to the central atom. Only in the ion [Co 
(NH;)s(NO)]*++ (49) does there appear to be any very 
definite evidence for the coordination of the NO@ ion. 
For a more detailed consideration of inorganic nitrosyl 
compounds, see ref. (51). 

The oxidation state of zero for metals in the volatile 
carbonyls was rather difficult for many chemists to 
accept because it was so unusual. However, the best 
evidence is in favor of an oxidation state of zero for 


1 Presented in part at the 117th Meeting of the American 
Chemical Society, Detroit, April, 1950, on the program of the 
symposium on Unfamiliar Valence States of Familiar Elements. 
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these compounds (7). The isolation of the compounds 
K,[Ni(CN),] and K,[Pd(CN),] lends support to the 
existence of compounds containing metal atoms in an 
oxidation state of zero (10, 18). 

The phrase valence stabilization through coordination 
has been widely used (8, 13) to designate the same 
phenomenon discussed here. By stabilization of an 
oxidation state through coordination, we mean stabili- 
zation relative to the aquated ion. If we say that some 
coordinating agent stabilizes a particular oxidation 
state of a metal, we really mean that this coordinating 
agent forms a compound with the metal ion which is 
more stable toward oxidation or reduction than the 
aquated ion. If the aquated ion of a particular oxi- 
dation state of a metal cannot be isolated, then the 
mere isolation of a coordination compound containing 
the metal in the unusual oxidation state is indicative 
of stabilization of that oxidation state through coordi- 
nation. As an example, the “simple” or aquated 
palladium (IV) ion is unknown, but the compound 
K,[PdCl.] has been isolated. In other cases, where 
the aquated ions are known, the stabilization of an 
oxidation state can be expressed as a stabilization of 
that oxidation state to oxidation and/or reduction. 
If coordination stabilizes a particular oxidation state 
relative to the aquated ion, then the reduction of the 
coordination compound to the free metal will be more 
difficult than the reduction of the aquated ion. Co- 
ordination thus results in a shift in the standard po- 
tential for this reduction process to a more negative 
value. The shift of the standard potential is directly 
related to the logarithm of the dissociation constant 
of the coordination compound. For the situation in 
which two oxidation states are involved, the shift of 
the standard potential for the couple is related to the 
ratio of the dissociation constants of the coordination 
compounds of the metal in the two oxidation states. 
The shift can be in either direction depending on which 
oxidation state is stabilized to the greater extent. 

The stability of a coordination compound as ex- 
pressed by the dissociation constant is not necessarily 
directly related to the thermal stability. In general 
one would expect the ammoniates with small dissoci- 
ation constants, as found in aqueous solution, to have 
a greater thermal stability than those which are found to 
dissociate to a greater extent in aqueous solution. The 
thermal stability of many coordination compounds con- 
taining organic ligands might be limited by the thermal 
stability of the organic ligand itself. Stability toward 
chemical attack can be-+elated frequently to the ten- 
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TABLE 1 
Standard Potentials 
Couple Complexing agent E° 

Mn(III)-Mn(II ca. 1.51 
CN- 
Cr(III)-Cr(II —0.41 
CN- —1.28 
SCN- —0.55 
Fe(III)-Fe(II) 0.77 
o-Phenanthroline 1.14 
0.36 

III)-Co(II oa. 

NH, 
CN- —0.83 
Cu(II)-Cu —0.35 
Ethylenediamine —0.93 
Diethylenetriamine —0.97 
Cu(IT)-Cu(1) H,0 —0.17 
CN- ca. 1.12 
Cd(II)-Cd —0.40 
CN- —0.90 
NH; —0.60 
Ethylenediamine —0.76 
Diethylenetriamine —0.82 


dency of the complex to dissociate if all other equi- 
libria are also considered (e. g., decomposition of many 
ammoniates in acid solution and precipitation of metal 
sulfides from complexes of heavy metals). In those 
cases where the complexes are not in equilibrium with 
the aquated metal ions, the dissociation constant 
has no significance and cannot be evaluated. For 
example, the hexamminechromium (III) ion is not in 
equilibrium with the aquated metal ion and slowly 
decomposes in aqueous solution due to aquation and 
hydrolysis. For such compounds, one usually bases 


TABLE 2 
Electronic Configuration of Some Metal Ions 
Spatial 
Metal arrangement 3d 48 4p 5s 
Cr(0) 000 
Cr(0) Octahedral ::|00 0 000) 
Cr(IIT) ---00 0 000 
Cr(IIT) Octahedral --/00 0 000) 
Mn(I) Octahedral :: 00 0 000} 
Fe(II) Octahedral :::/00 0 000) 
Fe(III) Octahedral (00 0 000) 
Co(II) 0 000 
Co(II) Octahedral : 2/00 0 000! 
Co(IIT) Octahedral ::/00 0 000) 
Ni(0) Tetrahedral [0 
Ni(II) Tetrahedral - [0 000 
Ni(II) Planar 0 00/0 
Cu(I) Tetrahedral [0 
Cu(II) 0 000 
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the estimate of the “stability’’ of the compound o 
chemical reactivity, although equilibrium may neye 
be attained. This is somewhat inconsistent, but i 
we based all our ideas of stability solely on obse. 
vations under equilibrium conditions, many of oy 
concepts regarding stability of familiar compounds 
would require revision. 

The dissociation constant of a coordination compound 
can be obtained by calculation from polarographic 
data (36) or from other electrochemical data. Dis. 
sociation constants can also be evaluated from gol. 
ubility data or by the measurement of physical prop. 
erties such as light absorption which enable one to 
evaluate the concentration of the species present in 
solution. Bjerrum (6) has introduced a valuable 
method for the determination of step-wise formation 
constants which is based on pH measurements. 

The use of coordination as a means of stabilization 
of oxidation states is an especially useful method 
for effecting the stabilization of unusual oxidation 
states. No other method is of such general appli- 
cability. The various methods which are available 
for the stabilization of oxidation states have been re 
viewed by Kleinberg (32, 33). 


CONTRIBUTING FACTORS 


The factors contributing to stability are numerous 
and it is difficult to evaluate the exact contribution 
of each. Many of the factors are interrelated and 
cannot be considered completely independent. of one 
another. However, these factors will be considered 
separately in order to obtain some concept of the 
extent to which variation of each of these factors affects 
stability. 


Electronic Configuration 


Availability of Orbitals for Bond Formation. The 
electronic configuration of the central ion seems to be one 
of the most important factors in determining the type 
and stability of coordination compounds formed. 
The necessary orbitals must be available for the for- 
mation of bonds of sufficient strength and number to 
give the resulting compound the maximum stability. 
(See Table 5 for a summary of some hybridized bond- 
ing orbitals and Table 2 for the electronic configuration 
of some metal ions). Coordination compounds are 
to be expected less frequently when the most stable 
orbitals are not available for bond formation. It 
is possible, however, to vacate orbitals for bond forma- 
tion by the promotion of unpaired electrons to a higher 
level. It is also possible to form compounds involving 
ionic bonds or compounds of lower coordination num- 
ber, thus it would be expected that compounds of 
manganese (0) with a coordination number of six 
would be unstable since this would require the pairing 


of two s electrons with d electrons and the promotion ] 


of one d electron to a higher level or the promotion of 
the two s electrons which is improbable. A lower 
coordination number is possible, but a closed electronic 
configuration could never be achieved. Similarly, 
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empounds of iron (I) with a coordination number 
of six should be unstable and only the unstable M;[Fe 
(CN)sNO] (M is a univalent metal) which presumably 
contains iron (I) has been reported (45, 46). An 
jon (0) compound with a coordination number of 
five or less, such as Fe(CO)s, should be expected. 
The cobalt (II) compounds with a coordination number 
of six are quite unstable with respect to oxidation to 
cobalt (III). This is to be expected since the donated 
electrons would be required to occupy at least one 
jd orbital or the odd electron in the 8d orbital must 
be promoted to the less stable 4d orbital. Either 
possibility leads to instability. Cobalt (II) can accom- 
modate electrons to form square coplanar or tetrahedral 
complexes. ‘The cobalt (—1) ion should be able to 
accommodate electrons occupying the sp* orbitals to 
form tetrahedral complexes. 

Nickel (II) would require the promotion of two 3d 
electrons to some higher level for the formation of 
six covalent bonds. One would expect these two 
unpaired electrons to be easily lost to form nickel (IV), 
but this is not true and apparently the bonds in such 
compounds are predominately ionic in character. 
Nickel (II) can still form compounds with a coordi- 
nation number of four which have a planar or tetra- 
hedral configuration. Pauling (55) has shown that 
the planar configuration gives greater stability for 
nickel (II). Orbitals are available for the formation 
of sp* bonds in the nickel (1) and nickel (0) compounds. 
Palladium (II) and platinum (II) compounds having 
a planar configuration are known to be very stable. 
Palladium shows the tendency to lose two electrons to 
form an octahedral compound only in the case of 
M,[PdCl.]. This tendency is very pronounced in 
the case of platinum. ; 

Compounds of copper, silver, and gold in oxidation 
states below +3 would be expected to be tetrahedral 
for a coordination number of four unless one d electron 
is promoted to a higher level. Square coplanar 
complexes are known for silver (II) and copper (IT) 
(48). 

Some of the above observations regarding the stable 
electronic configurations of coordination compounds 
have been restated by Pauling in a slightly different 
way. In the same paper (55) he also introduced some 
new ideas about bond formation in coordination com- 
pounds. Pauling states that a nonbonding electron 
occupying an orbital may be moved into a less stable 
orbital without a net loss in energy of the system, 
in case that the orbital that it vacates is used for 
formation of a good covalent bond, whereas an un- 
shared pair occupying a stable orbital cannot be easily 
moved into a less stable orbital. 

Of greater significance is the suggestion that stable 
compounds can be formed even though the central atom 
has fewer vacant orbitals than the number of ligands 
coordinated. The maximum stability for a complex 
in which a central atom forms several partially covalent 
bonds with surrounding atoms is obtained when the 
central atom has available a bond orbital for each of 
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the ligands; but in case the number of bond orbitals 
is less than the number of ligands somewhat less stable 
structures can also result from the resonance of the 
bond orbitals among the ligands. The maximum 
stability for a hexacoordinate complex ion is achieved 
when there are six orbitals to resonate among the six 
ligands. Fewer resonance structures result when 
there are fewer orbitals available and the resulting 
complex ion is less stable. 

Thus nickel (II) could form partially covalent 
bonds using 4s and 4p orbitals in its hexacoordinate 
compounds without promoting its two unpaired d 
electrons to higher orbitals. This also offers a possible 
explanation for the partial covalent character of the 
compounds of zinc and cadmium showing a coordina- 
tion number of six, even though the d orbitals of lower 
quantum number are completely filled. 

The sharing of a limited number of orbitals among 
a greater number of ligands permits the continuous 
transition from ionic bonding to a fairly definite 
limit of covalency where all of the available orbitals 
are occupied (shared) by all of the ligands. The 
magnetic criterion of bond type gives no information 
about the maximum covalent contribution for limiting 
ionic structures when the ionic and purely covalent 
structures differ in the number of unpaired electrons. 
Nor can one determine the maximum ionic contribu- 
tion for limiting covalent structures in similar cases. 
Of course, the magnetic method cannot be used even 
to distinguish between the limiting structures if 
they do not differ in the number of unpaired electrons. 
We only know that the transition from the extreme 
ionic structure to the extreme covalent structure 
must be discontinuous in those cases where there is a 
difference in the number of unpaired electrons in the 
two structures. It might be possible to determine 
an estimate for the maximum covalency to be expected 
in “jonic’’ compounds from the number of orbitals 
which can be shared among the ligands. 

The last rule which Pauling gives is that there is a 
special stability associated with having no electrons, 
half its complement of electrons, or a full complement 
of electrons in a subgroup of orbitals; and this sub- 
group may be an atomic subgroup of p, d, or f orbitals, 
or the residuum of the subgroup after some of its 
orbitals have been used for bond formation. As 
examples, chromium (III) has three electrons for the 
three d orbitals not required for bond formation, 
whereas cobalt (III) has six electrons for the three 
orbitals. The situation where three d orbitals are 
empty in a complex ion is not normally encountered, un- 
less the six-coordinate cadmium and zinc compounds 
utilize the d orbitals of the same quantum number as 
the s and p orbitals used for bond formation. 

Effective Atomic Number. The concept of “effective 
atomic number’”’ (e. a. n.) was introduced by Sidgwick 
to denote the total number of electrons, both shared and 
unshared, surrounding an atom. It has been assumed 
that chemical combination for any element can be 
explained as an approach to the effective atomic number 


‘ 
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of an inert gas. The tendency to attain the effective 
atomic number of an inert gas is apparent in many 
simple compounds, but breaks down for simple com- 
pounds of the elements in the middle groups of the 
periodic table. Coordination compounds of many 
of the elements in the middle groups of the périodic 
table conform to this concept, but even here there are 
many exceptions. 

The coordination compounds of many of the group 
VIII metals show a pronounced tendency of the metals 
to attain the effective atomic number of an inert gas. 


TABLE 3 
Oxi- Oxi- 
da- da- 
tion E tion  E. 
Complexion _ state a.n Complex ion state 
M; +3 35 M;[Co(CN).] +3 36 
M,[Fe(CN)¢] +2 36 M [Co(CO)] 36 
Mg )sCO] +2 36 Co(CO);NO] -1 36 
M;[Fe(CN);NO] +1 37 M3;[Rh(CN +3 54 
0 36 M;[Ir(CN +3 86 
M,[Fe(CO),] 36 M2[Ni(CN),] +2 34 
M,[Ru(CN)¢] +2 54 M:[Ni(CN)s] +1 3 
M2[Ru(CN);NO] +2 54 M,[Ni(CN),] 0 36 
M,[RuCl,;NO] 2 54 Ni(CO),] 0 36 
Ru(CO)s] 54 M,[PdCle] +4 54 
M2[OsCle] +4 84 M:2[Pd(CN),] +2 652 
M3;[OsCle] +3 85 M,|[Pd(CN 54 
M:;[OsCl,NO] +2 86 M:[PtCle] +4 86 
M,[Os(CN)b] +2 86 M2[Pt(CN +2 84 
M,[Co(CN +2 37 


From Table 3 it is apparent that the iron (II) and iron 
(0) compounds have the effective atomic number of 
krypton. The iron (III) compounds give iron ane. a. n. 
of 25 and are, in a number of cases, somewhat less 
stable than the corresponding iron (II) compounds. 
However, iron (III) is stabilized to a greater extent 
than iron (II) by coordination with cyanide ion and 
with those groups which tend to form ionic bonds with 
iron. The unusual compound shown in which iron 
has an oxidation state of +1 is much less stable (43, 46) 
than the corresponding iron (II) compound. In 
ruthenium (II), ruthenium (0) and osmium (II) 
compounds the metals likewise have the e. a. n. of 
inert gases. As in the case with iron, a,a’-dipyridyl 
stabilizes the divalent state of osmium and ruthenium. 
The compound [Ru(dipy);]Clz-6H,O is remarkably 
stable; it can be boiled with 50 per cent caustic alkali 
without decomposition (11). Thee. a. n. of ruthenium 
and osmium ‘compounds in higher oxidation states 
fall short of the values for inert gases. However, it 
does not seem unlikely that compounds of ruthenium 
(VI) and osmium (VI) with a coordination number of 
eight would be capable of existence. There are two 
electrons in the outer d orbitals in each case so that 
four d orbitals, the s and three p orbitals would be 
available for the formation of d‘sp* bonds. The stabil- 
ity of such a compound should be enhanced by the 
high bond strength and the closed electronic configur- 
ation of the central ion. 

Simple cobalt (III) compounds are very unstable, 
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but coordination results in such a drastic change jn 
the standard potential for the cobalt (I1)-cobalt (II) 
couple that the coordination compounds of cobalt (III) 
are the more stable of the two oxidation states. Cobalt 
(III) compounds with a coordination number of six 
have an effective atomic number of 36 as do the cobalt 
carbonyl hydride (62) and cobalt nitrosyl carbonyl, 
The cobalt in the latter two compounds has an apparent 
oxidation state of —1 (7,51). The very stable rhodium 
(III) and iridium (III) compounds with a coordination 
number of six also have the e. a. n. of inert gases, 

The compounds of nickel (II) have an e. a. n. of 34 
or 38, but never 36. However, the nickel (0) compounds 
as exhibited by nickel carbonyl and the unusual 
K,[Ni(CN),] give nickel an e. a. n. of 36. Palladium 
(II) and platinum (II) likewise do not have the e. a. n, 
of inert gases, but this is achieved in the palladium (0), 
palladium (IV), and platinum (IV) compounds. 

The only coordination compound of manganese in 
which manganese has an e. a. n. of 36 is the compound 
Ks[Mn(CN).], which is obtained by reducing the 
corresponding manganese (II) compound with alun- 
inum (46). The manganese (I) compound is not partic- 
ularly stable, but it is remarkable that it exists at all. 
Rhenium forms a carbonyl chloride, [Re(CO),;Cl] (63), 
and a dimeric carbonyl, [Re(CO)s]2 (26) in which the 
e. a. n. of rhenium is 86. 

Chromium, molybdenum, and tungsten form hexa- 
carbonyls in which each metal has the effective atomic 
number of an inert gas. In no other coordination 
compound does chromium attain the e. a. n. of 36, 
but it seems likely that a chromium (0) cyanide 
complex similar to those of nickel and palladium might 
be prepared. The d?sp* orbitals would be available 
for bond formation, giving the chromium the same 
electronic configuration as that found in the hexa- 
carbonyl. The attempted reduction of K3[Cr(CN)s] 
with metallic potassium in liquid ammonia was reported 
to yield indefinite products (10). Molybdenum (IV) 
and tungsten (IV) form octacyanides in which the 
e. a. n. of the metal in each case is that of an inert gas. 

The metals in the compounds of copper (I), silver 
(I), zine (II), and cadmium (II) with a coordination 
number of four have the e. a. n. of inert gases. 

From the compounds mentioned here, it is evident 
that the attainment of the e. a. n. of an inert gas is 
frequently associated with the stability of coordination 
compounds and this concept is not without value. 
It is important to note that most of the compounds 
cited here are cyanides, carbonyls, and partially 
substituted nitrosyls. In some cases the cyanides are 
merely representative of a wide variety of coordination 
compounds, e. g. cobalt (III), while for some other 
elements, cyanide ion is the only group known to give a 
compound of the type shown, e. g. manganese (I). 
Cyanide complexes are useful for this sort of compar- 
ison because cyanide ion is one of the best coordinating 
agents known for such a wide range of metals (see 
Table 4). The carbonyls and the nitrosyl substituted 
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compounds are not representative of a group of com- 


pounds for any one element. 


These latter compounds 


conform to the e. a. n. concept better than any other 
class of coordination compounds. 


TABLE 4 
Representative Compounds 
Metal Cyanide Amine Carbonyl Halide 

0) Cr(CO)6. 
M;Cr(CN)<. Cr(NH;).Cls 
Mn(I) MsMn(CN)s 
Mn(I) 
Mo(II) M,Mn(CN)s MMnX; 
Mn(III) MsMn(CN)s 
Fe( —2) M:Fe(CO), _.... 
Fe(II) M.Fe(CN)e. Fe(o-phen*);Cl. MFeCl,; 
Fe(III) MsFe(CN). Fe(o-phen );Cl; M:2FeCl, 
Ru(IJ) M.Ru(CN). Ru(dipy®)sCl; 

II) M,Os(CN). Os(dipy 

Co( —1) MCo(CO). 

Il) M,Co(GN).  Co(NH,)Ch 

III) M;Co(CN)s 
Rh(III) M;Rh(CN)s Rh(NH;).Cl; M;RhCle 
Ir(IIT) M;Ir(CN). Ir( NHs3)cCl; Ms;IrCl, 
Ni(0) M,Ni(CN), Ni(CO), 
Ni(I) M:Ni(CN)s 
Ni(II) MzNi(CN), Ni(NH;),Cl 
Pd(0) M,Pd(CN), 
Pd(II) M:Pd(CN), Pd(NH;),Cl- M:PdCl, 
Pd(IV) M2PdCl, 
Pt(II) M2Pt(CN ), Pt(NH;),Cl. M2PtCh 
PIV) Pt(NH;).Ch M,PtCle 

* o-phenanthroline. 

dipyridy] 


Although the e. a. n. concept is useful, it is obvious 
that other factors must be even more important in 
determining stability. The most stable coordination 
compounds of nickel, palladium, copper, manganese, 
chromium, and many other metals are not those for 
which the e. a. n. of the central ion is that of an inert 
gas. On the basis of the e. a. n. concept one would 
predict compounds such as [Ni(NHs3)5]*++ which are not 
encountered. The availability of the proper electron 
orbitals for the formation of covalent bonds of the 
greatest strength is more important than the attainment 
of the e. a. n. of an inert gas. Those compounds which 
conform to the e. a. n. concept are almost always those 
in which the metal ion has available the necessary 
electron orbitals for the formation of favorable hy- 
bridized bonds. 

Stable compounds are also found in which the metals 
have too few electrons to attain the e. a. n. concept 
of an inert gas. Thus, chromium (III), ruthenium 
(III), osmium (III), nickel (II), palladium (II), and 
copper (II) are the stable oxidation states for these 
metals and their compounds do not conform to the 
€.a.n. concept. Certain groups such as cyanide ion 


stabilize iron (III) to a greater extent than iron (II) 
(as compared with the aquo complexes) although the 
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iron (II) compound conforms to the e. a. n. concept. 
OXIDATION STATE OF CENTRAL ATOM 


It is difficult to correlate the effect of the oxidation 
state of metals with the stability of coordination com- 
pounds. A system which holds for one metal might 
fall down completely when applied to another metal. 
The oxidation state of the metal is probably most 
important in so far as it affects ion size, the electronic 
configuration, and the orbitals available for bond for- 
mation. These factors are discussed elsewhere. 

Oxidation states far removed from the normal 
oxidation state are not often encountered because of 
their strong oxidizing or reducing properties, e. g. 
[Ni(CN),]~*. Oxidation states which 
would normally be considered very high for an element 
usually are encountered only with very strong coordi- 
nation agents, e. g. [Ag(o-phen).]*+* or with a strong 
coordinating agent such as the oxide ion which itself 
is oxidized only with great difficulty, e. g., MnO,-, 
CrO,-, and FeO,-. 

Pauling (56) states that in a complex ion all atoms 
except hydrogen and the most electropositive and the 
most electronegative tend to form bonds of such num- 
ber and amount of ionic character as to make its 
residual charge very close to zero. On the basis of 
the difference in electronegativities, the bond between 
oxygen and a transition metal would have about '/; 
covalent character. For the hexaquo ions containing 
six metal-oxygen bonds, the residual charge on the 
central atom would be zero only for an oxidation state 
of two for the metal. An oxidation state of two is 
found to be the most common for five of the seven 
metals from chromium to zinc, namely, Mn, Co, Ni, 
Cu, and Zn. On this basis, an increase in covalent 
character of the metal-ligand bond would favor a higher 
oxidation state for the central atom. There is some 
evidence in this direction but it is not striking. Thus, 
coordination with cyanide ion stabilizes the oxidation 
state of three for iron, cobalt, and manganese. How- 
ever, amines in general do not stabilize an oxidation 
state higher than the normal oxidation state for the 
aquated ion of these metals except in the case of cobalt 
where factors such as electronic configuration are prob- 
ably of greater importance. 

Sidgwick (65) states that, ‘‘an increase of valency 
increases the tendency to covalency formation, while 
on the other hand a high valency involves a still higher 
covalency in the complex, so that it restricts both the 
number and (since the highest covalencies are less 
stable) the stability of the complexes formed.” 


BOND TYPE 


Bond type is an important factor in determining 
the stability of coordination compounds. Coordi- 
nation compounds containing covalent bonds usually 
give the greatest preferential stabilizing effect to a 
particular oxidation state of a metal. Since an in- 
crease in charge and a decrease in size of the central 
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ion favor the formation of covalent bonds, it would be 
expected that higher oxidation states would be favored 
in covalent coordination compounds. However, an 
increase in oxidation state increases the normal co- 
ordination number for the central ion and with the 
decrease in size this can be a limitation. The tendency 
to form the most favorable bonds and achieve a stable 
electronic configuration are probably much more im- 
portant than polarization effects. For cobalt, the factors 
contributing to stability work together since the cobalt 
(III) ion is not only smaller and bears a higher charge 
than the cobalt (II) ion, but a completed electronic con- 
figuration also results. In the case of iron, coordi- 
nation with cyanide ion stabilizes iron (III) with respect 
to iron (II) although the iron (II) complex has the com- 
pleted electronic configuration. These cases are in 
line with Fajan’s views and with Pauling’s principle 
of electroneutrality, since a higher oxidation state 
would be necessary to neutralize the greater negative 
charge transferred to the metal atom as a result of 
the increase in covalent character of the bonds. In 
the case of the cyanides, Pauling also emphasizes the 
importance of double bond formation between the 
metal ion and carbon in reducing the residual negative 
charge on the metal. 

The situation in which lower oxidation states are 
preferentially stabilized are the exceptions to the rules 
mentioned. In these cases the electronic configuration 
and in certain instances the ion size must be partic- 
ularly important. The stabilization of iron (II), 
osmium (II), and ruthenium (II) by coordination 
with o-phenanthroline and a,a’-dipyridyl are the most 
noteworthy examples. Here the completed electronic 
structures probably contribute very greatly to the 
stability. 

The formation of coordination compounds involving 
ionic bonds will generally, if not always; stabilize the 
higher of two relatively stable oxidation states. This 
is to be expected since small size anc high charge 
of the central ion are the major factors contributing to 
electrostatic attraction and hence to the stability of 
ionic complexes. Specific or selective behavior of 
coordinating agents with certain metals or certain 
oxidation states (other than the stabilization of the 
higher of two moderately stable oxidation states) 
is not to be expected if ionic bonds are involved in 
the resulting compound. 

According to Fajans (19) an electrovalence tends 
to become a covalence due to large polarization forces 
when the following conditions are satisfied: (1) The 
cation is small or the anion is large, (2) The charge on 
either ion is large, and (3) The polarization will be less 
for a cation having an inert gas electronic configuration 
than for cations with other electronic configurations. 
However, it is misleading to assume an electrostatic 
type of binding and apply these rules directly to the 
situation encountered in many coordination compounds. 
On the basis of electrostatic forces, beryllium and 
aluminum, because of their small size, would be ex- 
pected to be the divalent and trivalent ions forming 
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the most stable coordination compounds. However 
this is known to be false. It is also difficult to imagine 
how polarization forces alone could distort a normal 
tetrahedral arrangement of electrostatic bonds into 
a square coplanar configuration such as is found for 
many nickel, palladium, and platinum compounds, 
Nor does it seem likely that polarization forces could 
result in a planar configuration for compounds of nickel 
(II) and copper (II) but not in the case of zine (II), 
manganese (II), etc. These ions are similar in size 
and charge and none has an inert gas configuration, 

Many coordination compounds containing cyanide 
ion or o-phenanthroline offer good examples of covalent 
type bonding and great stability. The coordination 
compounds with fluoride ion are usually of the ionic 
type and stabilize the higher of the common oxidation 
states among the metals. The hydroxide and oxide 
ions are among the best coordination agents for stabili- 
zation of very high oxidation states. This is due to 
the difficulty with which the hydroxide and oxide ions 
are oxidized and the increased acidity of metals in very 
high oxidation states as a result of the decreased size 
and increased charge of the ions. The oxide ion is a 
better coordination agent than the hydroxide ion and 
the hydroxy-compounds formed in basic solution 
show a great tendency to form oxycompounds due to 
the increased acidity of the hydroxide ion after coordi- 
nation. There is a universal decrease in the stability 
of oxy-anions of metals in acid solution, as one would 
predict on the basis of the decrease in the concentration 
of the coordination agent. 

The differences in the electronegativity of the central 
atom and the coordinated atom has considerable 
bearing on the bond type of coordination compounds. 
Ionic bonds result from the coordination of atoms of 
widely different electronegativities. It is apparent 
that covalent bonds cannot be formed unless the 
necessary orbitals are available for the shared electron 
pairs or can be made available without the expenditure 
of a great deal of energy. 

Copley, Foster, and Bailar (73) point out that all 
good oxidation-reduction indicators for the titration of 
ferrous ion are examples in which stabilization of low oxi- 
dation states is achieved. This is to be expected from a 
consideration of bond type. Among the requirements 
of a good oxidation-reduction indicator are great 
stability and intense coloration. Both requirements 
are best fulfilled by covalent coordination compounds 
and preferential coordination of a lower oxidation 
state can occur only in the case of covalent compounds. 

Whenever resonance is possible in a coordination 
compound, greater stability results. Larger organic 
molecules with conjugated double bonds such as 
o-phenanthroline and a,a’-dipyridyl are excellent 
examples of this stabilization. Although the co- 
ordination compounds of iron with most amines 
are not particularly stable, the iron (II) compounds 
with o-phenanthroline and a,a’-dipyridyl are amazingly 
stable. It has been mentioned that these organic 


molecules also stabilize ruthenium (II) and osmium (II) 
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toa marked extent. It is interesting to note that in 
these coordination compounds the metal ions have 
closed electronic configurations. Very stable coordi- 
nation compounds of o-phenanthroline and a,a’-dipy- 
ridy] have been obtained for a number of other metals. 
Some importance has been attached to the apparent 
selectivity of these organic molecules for divalent 
jons. It is true that stabilization is very marked 
in the case of iron (II) and the normally unstable 
silver (II). However it is probably more important 
that strong bonds are formed to stabilize the partic- 
ular oxidation state as a result of a stable electronic 
configuration and suitable ionic radius for the fairly 
rigid chelating agents. 

A recent attempt to prepare a gold (II) compound 
with o-phenanthroline or a,a’-dipyridyl by Block (9) 
was unsuccessful. Cobalt (II) is not stabilized by 
o-phenanthroline in preference to cobalt (III) (53). 
Unpublished work of the author (/6) indicates that 
o-phenanthroline and a,a’-dipyridyl stabilize chrom- 
ium (III) to a greater extent than chromium (II) 
contrary to the report in the literature (24). 

Compounds containing groups such as cyanide ion, 
for which it is possible to write double bonds between 
the metal and carbon atom, usually lead to great 
stability. The resonance involving double bonds 
probably enhances the stability of the compounds. 


Stereochemistry 


Stable Configurations. The importance of the for- 
mation of bonds of great stability has already been men- 
tioned. However, the relationship of the bond strength 
to the resulting configuration has not been emphasized. 
The distribution in space of the various types of bond- 
ing orbitals and combination of orbitals (hybridized 
orbitals) (65) have been summarized by Kimball 
(81) and the relative strength of the resulting bonds 
have been presented by Pauling (55) as a result of 
quantum mechanical considerations (Table 5). 


TABLE 5 
Some Hybridized Bonding Orbitals 
No. of 
bonds Distribution Bond 
Orbitals in set in space strength 

8 1 Nondirectional 1 
sp or dp 2 Linear Ze 
p* 3 Trigonal pyramid 1.732 
sp’, dp?, or 3 Trigonal plane 
sp* 4 Tetrahedron 2 
d's 4 Tetrahedron 2.236 
dsp* 4 Square coplanar 2.694 
d*sp3 6 Octahedron 2.923 
sdp 3 Unsymmetrical plane 3 
dfsp3 8 Cube 
Cube 
8 Dodecahedron 
8 Antiprism 
8 Face-centered prism 


There is always a tendency for a metal ion to acquire 
the electrons necessary to fill its vacant orbitals and 
also to form bonds of maximum strength. In many 
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cases both factors work hand in hand and the com- 
pounds formed are very stable. However, there are 
still exceptions such as the stabilization of iron (III) 
over iron (II) by coordination with cyanide ion, al- 
though the iron (II) compound gives iron a closed 
electronic configuration. The high bond strength of 
configurations such as result from hybridization of 
dsp? orbitals is probably a major factor in contributing 
to the stability of coordination compounds such as 
the covalent compounds of nickel (II) which do not 
have completely filled electron shells. 


TABLE 6 

Type Coordination Radius 

compd, number Configuration ratio 

AB, 2 Linear A/B >0 
AB; 3 Triangular A/B s 0.15 
AB, 4 Planar A/B s 0.41 
AB, 4 Tetrahedral A/B s 0.22 
AB; 6 Octahedral A/B s 0.41 
ABs 8 Antiprismatic A/B s 0.65 
Coordination Number. There is a limit to the number 


of groups which can be coordinated around a central 
ion. These limitations are due to the relative sizes of 
the atoms involved and the electronic orbitals available. 
Sidgwick has proposed a set of rules which set forth the 
limits of maximum covalence (64). Thus the maximum 
covalence of hydrogen is two. The elements in the 
first short period (Li-F) do not have d orbitals available 
and the maximum covalence is four. The elements 
in the second short period (Na-Cl) and first long 
period (K-Br) have d orbitals available aswell as s and p 
orbitals; the maximum covalence is six. For the 
remaining periods, the maximum covalence is eight. 

It is obvious that the maximum coordination number 
will not always be attained if the coordinating groups 
are so large or the central atom so small that the max- 
imum number of groups cannot be packed around the 
central atom without less of contact between the 
bonded atoms. Since these limits are strictly geo- 
metrical the limiting ratios of the sizes of the central 
atom to the coordinated atom can be calculated for 
each configuration. The radius ratio rules (20) are 
given in Table 6. Many elements exhibit their maxi- 
mum coordination number only with very small co- 
ordinating groups such as the fluoride ion (e. g., SiFs-~ 
and 

Compounds in which the central ion achieves its 
maximum coordination number as given by the radius 
ratio rules are usually more stable than those in which 
fewer groups are coordinated. However, the coordi- 
nation number is probably less important in determining 
the stability of coordination compounds than other 
factors as long as strong bonds are formed and the 
central ion is completely surrounded. 

Chelation. Coordinating groups which contain two 
ligand atoms are called chelate groups. The formation 
of chelate rings enhances the stability of the resulting 
compound. For instance, ammonia forms many stable 
coordination compounds with several different ele- 
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ments, but the alkyl amines are very poor coordinating 
agents. However, an aliphatic chain containing two 
amine groups (e. g., ethylenediamine) coordinates with 
many metals to form compounds considerably more 
stable than those containing ammonia. In general, 
five- and six-membered chelate rings are more stable 
than thé larger and smaller rings. Since the angle 
subtended at the metal ion is 90° for a regular octa- 
hedron or a square coplanar structure, the remaining 
angles can be calculated for rings of varying size. 
A four-membered ring results in angles of 90°, a five- 
membered ring has four angles of about 112° each 
and the six-membered ring has five angles which are 
somewhat larger than 112° each, allowing for puckering 
of the ring. The 112° angle for the five-membered 
ring is nearest the tetrahedral angle 109° and this 
ring size would be expected to be most favorable for 
most organic molecules. The five-membered rings 
are usually the most stable. Most of the only well- 
established coordination compounds containing stable 
four-membered chelate rings are represented by the 
carbonato compounds. Rings containing more than 
six members are rarely encountered, possibly because 
they are somewhat less probable and have not been 
sought after by most investigators. 

Certain chelaté groups with rigid structures which 
conform to the stable configuration of the metal ions 
give especially stable compounds. The correct spatial 
arrangement and rigidity of the coplanar o-phenanthro- 
line molecule doubtless contributes to the stability 
of its compounds. The phthalocyanine molecule has 
also been shown to be coplanar. There is just room in 
the center of the molecule for a metal atom such as 
copper (II) which is bonded to four nitrogens at the 
corners of asquare. The phthalocyanine derivatives of 
metals are remarkably stable. The copper derivative 
can be sublimed unchanged at 550° (15). In addition 
to the contribution of chelation to the stability of 
the compound, the complete cycle of conjugated double 
bonds must also stabilize the molecule as a result 
of resonance. Several metals which do not normally 
form square coordination compounds form quite stable 
coplanar compounds with phthalocyanine. Because 
of the limited space available for the metal ion in the 
phthalocyanine molecule, there is a possibility of 
stabilizing some oxidation state higher than two for 
a metal which is too large in the divalent state. 

Table 7 gives the relative stabilities of some coordina- 
tion compounds of copper and cadmium to illustrate 
the effect of chelation (17, 37). 

Steric Factors and Forced Configurations. It has been 
pointed out that large groups may prevent an ion from 
exhibiting its maximum coordination number. Steric 
factors can also prevent a metal ion from assuming 
the most desirable distribution of bonds. The phthalo- 
cyanine molecule forces several metals which normally 
give tetrahedral complexes into a planar configuration. 
The quadridentate amine, tris(2-aminoethyl)amine, 
forces the distribution of bonds into an irregular tetra- 
hedral arrangement. Compounds have been formed 
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TABLE 7 
Ka (Dissociation constant of 
Complex complex) 
Chen 3.3 X 107 
Cd(en*);** 6.7 X 1078 
Cd(pn?); 5.4 X 10748 
Cd(dien*).+* 7.6 X 107% 
Cd(py?),** 3.2 X 10-3 
Cu(NH;),*+* 4.7 X 10-™ 
Cu(en).** 1.9 X 10-2 
Cu(pn)2*+ 6.8 X 
Cu(dien),.++ 1.4 X 107*! 
* Ethylenediamine. Propylenediamine. Diethylenetri. 
amine. ¢ Pyridine. 


with this compound and nickel (II), palladium (II), 
and platinum (II) (47) as well as other metals. Sim. 
ilarly, interference of methyl groups in the coordination 
compounds of metals with two molecules of 3,3'-5,5’- 
appar- 
ently prevents the planar distribution of bonds (60), 
The resulting compound with nickel is paramagnetic 
which indicates a tetrahedral configuration. 

The effect of forced configurations on bond type and 
stability iiave not been definitely established. How- 
ever, an interesting situation is found in the compounds 
of nickel (II) with stilbenediamine (1,2-diphenylethyl- 
ene diamine). Both the racemic and optically active 
stilbenediamine show a greater tendency to form 
coordination compounds than is shown by the meso 
base. The coordination compounds containing the 
meso base are generally poorly crystalline and unstable 
while those of the racemic and active base are easily 
prepared and stable. The racemic and active forms of 
the base tend to form blue paramagnetic complexes 
with nickel (II), while the meso form tends to give a 
yellow diamagnetic complex. The yellow diamagnetic 
complexes are undoubtedly planar, whereas the blue 
paramagnetic complexes might be tetrahedral or 
octahedral. The meso base possibly causes more 
steric hinderance due to the fact that the phenyl 
groups are on the same side and this results in a de- 
crease in stability. If two water molecules or anions 
are coordinated to form an octahedral complex, the 
interference of the phenyl groups might be lessened. 
The situation is complicated by the fact that a wide 
variety of compounds were obtained, some similar 
in composition but differing in color and magnetic 
behavior (39, 40). 

Symmetry. Symmetry doubtless contributes to the 
stability of coordination compounds. Jaeger (29) 
attributes the greater stability of coordination com- 
pounds containing optically active coordinating groups 
of only one configuration to the greater symmetry of 
the molecule. If one treats the ion Co(l-cptdn)r 
Cl,+ with d-cyclopentanediamine (d-cptdn) the ex- 
pected compound containing both d- and /-cyclo- 
pentanediamine is not obtained, but instead a mix- 
ture of 2 Co(l-cptdn),+++ and Co(d-cptdn),++* re 
sults (29). Jaeger is of the opinion that the com- 
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cally active coordinating group is not stable relative to 
the other forms because of the low symmetry. Bailar 
(¢) has recently reviewed some aspects of this field. 
The greater symmetry of trans isomers is frequently 
cited as a reason for their greater stability, but the 
most obvious examples are those in which negative 
ions are involved and the electrostatic repulsion is 
probably more important than the symmetry. 


Insolubility 

Insolubility certainly enhances the stability of any 
compound and in the case of some coordination com- 
pounds it is probably the major factor contributing to 
stability. The stability of coordination compounds of 
chromium (II) with hydrazine is probably largely due 
to their insolubility. 


EXAMPLES 


The transition metals form the most stable coordi- 
nation compounds and the transition metals also show 
the greatest variation in oxidation states. It is of 
interest to consider some of the outstanding examples 
of stabilization of oxidation states through coordination. 
Many of the examples have been mentioned before 
but are included here in the periodic order of the metals. 


Inner Transition Elements 


The lanthanides form coordination compounds with 
several oxygen-containing chelate groups such as 
acetylacetone, but the stabilization of particular 
oxidation states is not particularly striking. Among 
the actinides, the chemistry of uranium is interesting 
because of the variations of oxidation states. 
Uranium (III) is characterized by compounds 
such as H;[{U(SO,)3]. The oxidation state of four 
is stabilized by compounds such as KUF;, Ks[UX¢], 
U(acetylacetonate), (5), and K,[U(C20,),4] (35). 


Group VB 


Vanadium (II) salts are strongly reducing, but 
compounds such as K,[V(CN).]-3H:O have been 
characterized (57) although they are still strong 
reducing agents. The higher oxidation states of 
vanadium are stabilized in the familiar oxy-anions. 


Group VIB 


The stabilization of chromium (II) in insoluble 
compounds with hydrazine has already been mentioned. 

Tungsten (III) is stabilized by coordination with 
chloride ion in the compound K;[W:Cl] (64). The 
oxidation state of four for molybdenum and tungsten 
is stabilized in the compounds K,{[Mo(CN)s] and 
K,[W(CN)s] (12). The hexacarbonyls of chromium, 
molybdenum, and tungsten are examples of stabili- 
zation of the metals in an oxidation state of zero. 


Group VIIB 


Cyanide ion forms coordination compounds with 
manganese (I), (II), and (III). The mere existence 


of a compound of manganese (I) is evidence of a very 
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great stabilization of this unusual oxidation state (/1).” 
The existence of an anion with five minus charges is 
further evidence of an unusual stability associated with 
the compound Ks{Mn(CN).]. The compound 
K;[Mn(CN).] is easily obtained by the air oxidation 
of the corresponding manganese (II) ion; the shift in 
the standard potential is of the order of two volts (16). 


Group VIII 


Iron exhibits the unusual oxidation state of plus 
six in the compound K:[FeQ,] which can be prepared 
by oxidation with chlorine in concentrated alkaline 
solution (21, 61) or by anodic oxidation in alkaline 
solution (22, 23, 58, 59). The oxidation state of zero 
is exhibited by iron in the pentacarbonyl, while the 
formal oxidation state of iron in the compound 
K.[Fe(CO),] has been given as —2. Ruthenium also 
forms a pentacarbonyl, representing an oxidation 
state of zero. 

The oxidation state of three is very uncommon in 
simple salts of cobalt, but in coordination compounds 
the oxidation state of three is commonly encountered. 
The compounds K[Co(CO),] and Co(CO);NO have 
been cited as examples of cobalt in an oxidation state 
of minus one (7,51). Cobalt (IV) is found in the hetero- 
polymolybdate 9MoO;-6'/:H20 and in some 
of the binuclear complexes containing peroxide ion as one 
of the two bridging groups. These latter compounds 
contain one cobalt (III) and one cobalt (IV) ion (42). 

Nickel shows oxidation states from zero to three in 
coordination compounds. The compounds Ni(CO), 
and K,[Ni(CN),] contain nickel (0). Coordination 
with cyanide ion also stabilizes nickel (I) as shown by 
the compounds K:Ni(CN); (4) and K:[Ni(CN);CO] 
(44). Many nickel (II) compounds are known, 
but nickel (III) compounds are rare. The compound 
NiBr;(EtsP)2 has recently been reported to be formed 
by oxidation of the corresponding nickel (II) compound 
with bromine (30). The molecular weight measured 
in benzene indicated that the molecule is monomeric. 
Magnetic susceptibility measurements indicate one 
unpaired electron as would be expected for the nickel 
(III) ion. The heteropolymolybdate of nickel (IV), 
3BaO-NiO.-9Mo0O;-12H:20, has been characterized (24). 

The chemistry of platinum and palladium is largely 
limited to the coordination compounds of these ele- 
ments. The oxidation state of two is common for 
palladium, but the oxidation state of four occurs 
only in a few compounds, such as K2[PdCl.]. Palla- 
dium has an oxidation state of zero in the compound 
K,[Pd(CN),] (10). The oxidation states of two and 
four are commonly encountered in coordination com- 
pounds of platinum. 

A few unstable compounds of platinum (III) have 
been reported, such as M[Pt(CN),], which results 
from the oxidation of the platinum (II) compound 
with hydrogen peroxide (38). The compound 
Cs,[PtCl,] was obtained by adding ice-cold chlorine 
water in small portions to a saturated solution of 
Cse[PtCl,] (69). Platinum (VI) derivatives, such as 
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KPtO., have been obtained by electrolytic oxidation 
of. hydrated platinum (VI) oxide dissolved in KOH 
solution (68). 


Group IB 


Soluble compounds of copper (I) such as GuNO; 
are apparently unstable. Sloan (66) prepared 
CuNO;-:2NH; by reduction of [Cu(NHs3)4](NOs3)2 with 
copper foil in liquid ammonia. The colorless product 
was always contaminated with some copper and was 
oxidized very rapidly in air. Coordination with certain 
compounds stabilizes copper (I) to a marked extent, 
e. g., [Cu(NCCHs3),JNO; (52), Nae[Cu(CN)3] and 
[Cu(SC(NH2)2)2]-NO3-H2O (34). Most other com- 
plexing agents stabilize copper (II) toward reduction, 
e. g. [Cu(en)e]Iz. Copper (III) compounds of the type 
and have been 
reported. 

Silver (II) compounds are very strong oxidizing 
agents, but coordination compounds formed with 
a,a’-dipyridyl (67), o-phenanthroline (27), or picolinic 
acid (3, 14) are remarkably stable. Silver (III) forms 
a compound with ethylenebiguanide (60) and another 
with periodate (41) similar to the copper (III) com- 
pound. Bailar (/) has reviewed the oxidation states 
of silver. 

Although gold (I) compounds are fairly common, 
the only soluble compounds of gold (I) are coordination 
compounds, e. g., Au(CN)s~ and (34): 


CH,—S 


7 
CH:—S 


Au {Cl 


The stabilization of gold (I) is particularly great with 
cyanide ion, since metallic gold can be dissolved in 
a solution of a cyanide salt in the presence of air. 
Most of the stable gold (III) compounds and all of 
the soluble compounds are coordination compounds, 
e.g., [Au(en)2]Brs and [AuBrepy2|Br. 


CONCLUSIONS 


It is unfortunate that one cannot list the factors 
contributing to stability of coordination compounds 
and the exact extent to which they affect the stability. 
However, there are many variable factors which are 
not thoroughly understood, and systematic and quanti- 
tative measurements of the stability of coordination 
compounds have only recently begun. The great 
activity in the field at the present time should yield 
much significant information within the next few years 
to help clarify the picture. 

It is hoped that such studies will make possible some 
predictions concerning the stability and properties 
of coordination compounds before they are prepared. 
At the present time that is not possible except in very 
limited situations. 
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The quantitative data which have been obtained 
indicate that there is more regularity in the order of 
stability of metal complexes than has been supposed 
previously. Irving and Williams (28) pointed out 
that in the first long period (Mn, Fe, Co, Ni, Cu, Zn) 
the stability of complexes increases steadily to a maxi- 
mum at copper; ligands may be ammonia, ethylene. 
diamine, 1,3-propylenediamine, or  salicylaldehyde, 
Zinc complexes are less stable than those of copper, 
The same general order is found for the complexes of 
dithizone and 8-hydroxyquinoline. More data are 
needed for the metals such as chromium (II) and 
for metals in other series. Many types of ligands 


should be investigated with particular emphasis on 


the cases of apparent specificity. 

Studies concerning bond type and the electronic 
configuration of the central ion of coordination com- 
pounds should prove particularly fruitful. These 
factors seem to be particularly important in determining 
the stability of coordination compounds. Investi- 
gations concerning the stabilization of oxidation states, 
and particularly unusual oxidation states, should be of 
great value in extendingand strengthening the systemat- 
ics of inorganic chemistry. 
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* AN APPARATUS FOR STORING AND 
MEASURING SOLUTIONS OF LITHIUM 
ALUMINUM HYDRIDE’ 


Lirarem aluminum hydride has assumed an increas- 
ingly important role as a chemical reducing agent. 
More than 200 papers? concerning its reactions and 
those of related alkali-metal borohydrides have been 
published since Schlesinger and his co-workers an- 
nounced their first results less than five years ago.* 

Lithium aluminum hydride is prepared by the re- 
action of lithium hydride with aluminum chloride ac- 
cording to the equation: 


4LiH + AICI; 3LiCl + LiAlH, 


It is available commercially as an ether-soluble gray- 


1 Presented before the Division of Organic Chemistry at the 
Southwide Chemical Conference at Wilson Dam, Alabama, Octo- 
ber 19, 1951. 

2 Chem. Eng. News, 29, 1203 (1951). 

5 Finnoit, A. E., A. C. Bonn, anp H. I. ScHLEsINGER, J. Am. 


Chem. Soc., 69, 1199 (1947). 


CLYDE R. DILLARD 
Tennessee A & I State College, Nashville, T Tennessee 


white powder. The solubility of this compound in 
ethyl ether is 25 to 30 g. per 100 g. of pure solvent; 
however, it is usually desirable to use more dilute solu- 
tions. 

The chief drawback to the use of lithium aluminum 
hydride is its extreme reactivity. Operations such as 
weighing, filtering,’ or transfer of solutions must be 
done in an inert atmosphere or under vacuum. More- 
over it is inconvenient to store large amounts of solu- 
tion or to measure out exact aliquots from a stock solu- 
tion. In several instances violent explosions have 
occurred when reactions involving lithium aluminum 
hydride were carried out in ether solution.* ® 

It is the purpose of this paper to describe an appara- 


‘ Barsparas, G. K., G. Barsaras, A. E. Frnnout, anp H. I. 
ScHLESINGER, J. Am. Chem. Soc., 70, 877 (1948). 
5 Chem. Eng. News, 29, 3042 (1951). 
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tus in which lithium aluminum hydride solutions may 
be stored for long periods of time without decomposi- 
tion, and from which exact aliquots may be conveni- 
ently withdrawn. 

The apparatus is shown in the figure. Its chief 
parts are a liter storage flask, A; a 25-ml. buret, B; 
an ether reservoir, C; two 1-mm. straight-bore stop- 
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cocks, S-1 and S-4; one T-bored three-way stop-cock, 
S-2; and one oblique-bore three-way stopcock, §-3. 
The buret is made from a 25-ml. pyrex graduated pipet 
and is attached to the storage flask by means of a 24/49 
¥ joint. The joint and stopcocks are lubricated with 
ether-resistant silicone grease. (Stopcock S-3 should 
be lubricated regularly once a week.) For purposes of 
safety, the apparatus is set in a container of dry sand 
and the nitrogen inlet is connected by means of a T- 
tube to a mercury-filled pressure regulator (not shown 
in the figure). 

The ether solution of lithium aluminum hydride js 
filtered directly into flask A, under a stream of nitrogen, 
Then the buret, B, is put in place with stopcock S-1 
open and stopcocks S-2 and S-3 turned so that nitrogen 
flushes out the buret. S-1 is then closed and S-3 is 
turned to communicate with the storage flask, A. A 
solution thus stored at room temperature under an 
atmosphere of nitrogen will remain clear and practically 
unchanged in composition for several months. 

The procedure for withdrawing aliquots is as follows: 
The ether reservoir, C, is filled with dry ether and 
closed with a CaCl, tube. Stopcock S-2 is turned to 
connect the buret with the atmosphere and nitrogen 
is admitted through S-/ forcing solution up through 
S-3 into the buret. S-/ and S-3 are closed in that order. 
A sufficient quantity of solution is withdrawn through 
S-3 to fill the capillary delivery tube and the initial 
buret reading is taken. The desired aliquot is with- 
drawn into a receiver which may be simultaneously 
flushed with a slow stream of nitrogen. Then the final 
buret reading is taken and the excess solution is drained 
back into flask A through S-3. S-3 is closed and a 
small amount of flush ether is admitted through S-4 
and withdrawn through the capillary delivery tube. 
This procedure is repeated several times to wash out 
the buret completely. Then, with S-4 closed, dry 
nitrogen is blown through S-1, S-2, and out of S-3. 
Finally, S-3 is turned to communicate with the storage 
flask, A, S-1 is closed, and the solution is again left 
under an inert atmosphere. 


Laboratory Conferences, July 21-25, inclusive. 
by their own students. 


zoology, chemistry, and physics. 
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SCIENCE TEACHERS’ LABORATORY CONFERENCE 


During the Summer Session of 1952 Duke University, with the cooperation of the North 
Carolina Department of Public Instruction, will conduct the second in a series of Science Teachers’ 
This Laboratory Conference is designed to give 
science teachers an opportunity to perform interesting and useful experiments which may be used 


There will be daily sessions conducted in the laboratories in the departments of biology, 
Each session will be supervised by members of the science de- 
partments of the University and emphasis will be placed on individual participation. 


Ample 


opportunity will be provided for the exchange of ideas and the discussion of mutual problems that 
arise in the classroom. 

For further details write to Dr. J. H. Saylor, Department of Chemistry, Duke University, 
Durham, North Carolina. 
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+ THE CONTRIBUTION OF STUDENT AFFILIATES 
TO CHEMICAL EDUCATION’ 


Iy orpeR to write with any degree of conviction it is 
necessary that I write from personal experience. Hence 
most of this material will automatically center around 
Mount Mercy College Student Affiliates. Our chem- 
istry department is very small, consisting of only three 
faculty members and an average of 12 chemistry majors. 
Yet we hope to equip our students in such a manner that 
they can rank equally with chemistry graduates from 
any and every undergraduate college. In order to ac- 
complish our purpose, it is necessary that we broaden 
our scope much beyond the course content. 

Prior to our A. C. S. affiliation, ever since 1936, a 
chemistry club existed on campus which met monthly to 
hear lectures from noted Pittsburgh chemists. Occa- 
sionally we substituted student papers for those of guest 
speakers. I select one aspect of the student activity 
during this time because it is one for which we were un- 
able to obtain guest speakers. This aspect consisted of 
various phases of the relation of the Church to science. 
Students prepared papers on such subjects as ‘The 
attitude of the Church towards medicine in the Middle 
Ages,” “The Galileo question,” ‘Saint Augustine and 
evolution,” ‘“The Church and evolution in the twentieth 
century,’ and delivered them before the group. 

In 1944 we organized our chapter of Student Affili- 
ates. We hoped that this affiliation would complement 
our teaching program and increase the efficiency of our 
department, thereby supplying for the deficiencies in- 
herent in a program with a limited staff with limited 
time. Each year with increasing developments we are 
more convinced of the soundness of our program. The 
Chapter meets twice a month on the first and third 
Tuesday at 8:00 p.m., having the advantage of the 
total faculty of chemistry teachers of the Pittsburgh 
area as guest speakers. Those speakers are relatively 
easy to obtain. Chemistry professors from the four 
universities or colleges, fellows from Mellon Institute, 
and leaders in industrial chemistry are glad to air their 
pet hobbies or special research interests to a college 
audience. Aside from their actual enjoyment in talking 
about their own subjects, they do not scorn the publicity 
attached. They are always given adequate recognition 
in the McAuleyan (the college publication), the Crucible 
(the publication of the Pittsburgh section of the Amer- 
ican Chemical Society), and the final report of the stu- 
dent affiliates to Washington. Their lectures bring 
their organizations before the chemical public, secure 


’ Paper read before the Chemistry Section of the Pennsylvania 
Chapter of the Catholic Round Table of Science at the meeting 
at Scranton University, April 28, 1951. 
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for them the approbation of their superiors and a feeling 
of satisfaction in their own personal contribution to 
chemical education. We have had such men for 
speakers as the chairman of the Pittsburgh section of 
the A. C. S., the chairman of the Employment Bureau 
of the A. C. S., and heads of departments of chemistry 
from the other Pittsburgh universities and colleges. 
Our alumnae, too, have returned to tell us of their ex- 
periences in different divisions of the chemical profes- 
sion. The alumnae never fail to make a favorable im- 
pression upon the undergraduates. They add a sense 
of reality and lend a personal touch. They convey the 
attitude not only that it can be done, but that you can 
do it. “We area proof of it. We are doing it; so can 
you.” The alumnae “belong,” and hence the personal 
or familiar touch. 

Incidentally, we are rather particular in our choice of 
speakers at Mount Mercy. We aim for two requisites: 
a good speaker and a chemical subject. By that I 
mean that we don’t ask just any chemist to talk about 
just anything for the sake of having a speaker. We 
want to be fairly certain that our students will be in- 
terested and inspired. When students remain at school 
until evening or return from home at 8:00 p.m. after a 
day’s work, we want something more than activity for 
activity’s sake. Nothing will discourage a student 
more quickly than boredom. The type of speaker that 
the students most enjoy is one who has all the factual 
material they are expecting, who presents it with dem- 
onstrations, whose illustrations are amusing, who does 
not “talk down” to them, and who is not “stuffy.” 
This man will be remembered and quoted and discussed 
in and out of season. He represents their idea of “a 
chemist.”’ He is their future colleague. Professional 
association with such as he is their idea of the chemical 
profession. We have had other speakers, not too fre- 
quently, thank goodness, who have had the opposite 
effect on the students. These were men who knew 
their material, knew what they wanted to say, and said 
it fluently, but who depressed the students. They 
“talked down” to them, not only from the height of 
their immense intelligence and immense knowledge but 
even from the height of their superiority as a man. 
Fortunately this type is more easily forgotten because 
he is seldom discussed or quoted. 

All the activities of the student affiliates help to de- 
velop professional consciousness in the students, but the 
meetings with the preparations involved furnish a spe- 
cial opportunity for this development. The president 
is responsible for making all arrangements with the 
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speakers. She invites them, decides the date and place 
of the lecture with them, interviews them, and intro- 
duces them at the meeting. The secretary, or a mem- 
ber with journalistic tendencies, makes a report of the 
talk and of the meeting to the McAuleyan. Very often 
a social hour follows the meeting and at that time the 
students talk informally with the speaker. While 
entertaining informally, they are at the same time being 
trained in the responsibilities of hostesses and learning 
to “talk up”’ to the professional level demanded by the 
occasion. 

Once or twice a year a chapter in the Pittsburgh area 
plays host to the other chapters for an evening lecture 
and a social hour. In this way the students meet their 
future professional associates, talk shop and non-shop 
over cookies and punch or while dancing to the tune of 
the juke box. These joint meetings are very profitable. 
They accomplish easily and gracefully what the teacher 
has a difficult time doing without conveying the idea of 
pride or prejudice. They stimulate the students either 
to reach the standards of those better qualified than 
themselves or to exhibit with pride their own accom- 
plishments. The students are quick to recognize defi- 
ciencies by comparison, and eager to rank with the best. 
The curriculum, as is to be expected, provides no time 
for tours of chemical plants or industrial laboratories. 
And yet the first-hand information and practical knowl- 
edge attained in such tours are aninvaluablecomplement 
to the course material and cannot be attained elsewhere. 
These tours can be made under the sponsorship of a pro- 
fessional organization. In our case, not only the stu- 
dent affiliates attend, but a general invitation is issued 
by bulletin board announcements, and interested stu- 
dents from related departments are welcome. The 
Chapter makes at least one such trip during the year. 
To mention a few among many, we have visited the 
Westinghouse Van der Graaff generatorand laboratories, 
the University of Pittsburgh cyclotron, Mellon Insti- 
tute, Gulf Research Laboratories, and Heinz Plant. 

To send out a chemistry major into industry or other 
chemical fields with no idea of research is to send out one 
with mediocre preparation. Chemical competition 
amorg men is great. A woman must be equipped with 
the best that an undergraduate course can give if she is 
even to enter such competition. Therefore, we at- 
tempt to form a research attitude through the student 
affiliate seminar program. The students are encour- 
aged not only to engage in research, but to present their 
results of that research before the affiliates of the area 
and to compete for awards. 

One of the most important functions of our student 
affiliates is the seminar course. All sophomore, junior, 
and senior chemistry majors are required to take sem- 
inar for three years. This course consists of a double 
program: one hour class per week and one afternoon of 
research. At the class hour the students present papers, 
each student contributing at least one hour each se- 
mester. This year the course is devoted to Pittsburgh 
industries; last year we studied advanced inorganic 
chemistry. We plan courses in instrumentation and in 


JOURNAL OF CHEMICAL EDUCATION 


history of chemistry in some future years. In our re. 
search program, the sophomores usually begin with a 
literature search to acquaint them with the chemical] 
literature and to teach them how to use it, particularly 
Chemical Abstracts and Beilstein. Incidentally, this 
literature search serves not only to teach the student 
but to collect data for the research program of the de- 
partment. The upper-classmen do laboratory research. 
One group at present is trying to prepare esters by a 
method not yet in the literature. One senior is making 
some studies on pyrrole by means of the new Beckman 
spectrophotometer. Another senior has spent an aver- 
age of 12 hours a week investigating the toxicity of cer- 
tain chemical groups on duckweed. This girl presented 
a paper at the student convention this year. Results 
of earlier cooperative work on herbicides were presented 
by Dr. Fromm before the Division of Agricultural and 
Food Chemistry of the A. C. S. at the Atlantic City 
meeting and will be published presently in Botanical 
Gazette. Our major difficulty at Mount Mercy is lack 
of cooperators—not that our students fail to cooperate, 
but that there are not enough of them nor is there 
enough time to tackle the many problems that arise. 
The highlight of our chemical year is the student con- 
vention. This is modeled on the A. C. 8. convention 
but lasts only one day. It, too, has a short but in- 
teresting history. Three years ago Sister Mary Dorcas 
of Seton Hill College sent letters to St. Vincent, Du- 
quesne, and Mount Mercy asking our opinion of the 
feasibility of a student meeting and inviting us to Seton 
Hill College to present our papers. The colleges ap- 
proved of the idea and we had our first student conven- 
tion. All so heartily agreed on the success of the ven- 
ture that the next year Duquesne University invited all 
in the Pittsburgh area to participate. It, too, was a real 
success. This year Mount Mercy held the meeting. 
We asked for sponsorship by the Pittsburgh Section of 
the A. C. S., which not only agreed to sponsor, but 
offered 50 dollars for prizes. At this meeting, Dr. R. R. 
McGregor, the past chairman of the section, was the 
guest speaker, and the chairman-elect, Dr. E. O. Rhodes, 
an industrial chemist, was chairman of the award com- 
mittee. The papers, nine in number, were limited to 
undergraduates and presented by students from Beth- 
any College, Carnegie Institute of Technology, Du- 
quesne University, St. Vincent College, Seton Hill 
College, and Mount Mercy. About one hundred stu- 
dents attended from the five Pittsburgh colleges, 
Bethany, College of Steubenville, Geneva, St. Francis, 
St. Vincent, Seton Hill, and Youngstown Colleges. 
The meeting was followed by a social hour for the stu- 
dents, a faculty meeting for sponsors, and a meeting of 
the award committee. It ended with the announce- 


ment by the chairman of the award committee of the 
winners of the awards. 

We feel that the activities resulting from student 
affiliation with the A. C. S. contribute a large share to 
the efficiency of our department and enable us to give 
our students a chemical education second to none on the 
undergraduate level. 


Sere, 
eter 
ma 
é af 
a 
ack 
i 
i 
of 
Ba 
| 
j 
> 
i 
cist 
i 
j 
cip. 
cou 
3 
a te 
the 
j 
tiv 
the 
ins 
In 


ur re- 
vith a 
mical 
ularly 
this 
udent 
1e de- 
arch. 
by a 
aking 
kman 
aver- 
f cer- 
ented 
esults 
ented 
and 
City 
rnical 
3 lack 
erate, 
there 
se. 
con- 
ntion 
it in- 
orcas 
Du- 
f the 
Seton 
S ap- 
nven- 
ven- 
ed all 
a real 
ting. 
on of 
, but 
R. R. 
s the 
odes, 
com- 
ed to 
Beth- 
Du- 
| stu- 
leges, 
incis, 
leges. 
» stu- 
ng of 
unce- 
f the 


ident 
re to 
“give 
n the 


* PHYSICS AND CHEMISTRY FOR GENERAL 


EDUCATION 


So many descriptions of courses designed for the 
general education of the nonspecialist have appeared 
since the last war that one must surely offer an apology 
for presenting another. The apology in this case takes 
the following form. The problem is an important one, 
so important that it is unreasonable to overlook any 
attempted solutions which have elements of novelty or 
practicality in them. It is, indeed, the practical 
advantages of our course which we wish to stress. For 
many a noble and needed experiment has failed by 
demanding too much of the experimenter, by demanding 
an experimenter of such rare gifts that everything hangs 
on one man, who turns out, quite frequently, to be 
made of flesh and blood. We have made, we think, 
a fair start on a course for the general student which is 
workable with staffs as they are in small or moderate- 
sized colleges and universities and which yet provides 
a framework, a favorable atmosphere, in which to 
achieve many of the objectives formulated by those 
impressed by the need for nonprofessional education 
in the sciences. 

This course has been, from the beginning, something 
of a cooperative effort. It came into being as a result 
of a reorganization of the entire college curriculum.so 
as to implement the University of California’s policy 
of specializing in undergraduate education at its Santa 
Barbara campus. As part of the program, the Physical 
Sciences Department was asked to offer a year course, 
Physical Science 1A-1B, especially designed for the 
general education of the nonscience majors. 

Our whole staff, more than a dozen chemists, physi- 
cists, and geologists, found they could agree on three 
principles from the start. The first, a negative prin- 
ciple, was that we should not offer just another survey 
course. The interesting fact is that, although many 
a telling argument can be made against the survey type 
of course, none seemed demanded. This distaste for 
the survey appears to be nearly universal among scien- 
tists and constitutes almost sufficient ground for not 
attempting such courses, whether the distaste be objec- 
tively justified or not. A positive principle was that 
the course should contain solid science. Another was 
that there should be laboratory work. Again, in its 
insistence on these two points, this department does 
not strike us as atypical. 

Starting from these conditions the decision was made 
to limit the course, so far as fields of science were con- 
cerned, to physics and chemistry. This decision was 
ased on a number of arguments, not each of which, 
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to be sure, was equally persuasive to all staff members. 
We felt that it was very desirable to have one man 
give all, or nearly all, the lectures in any one section. 
Hardly anyone was available who could pretend to any 
sort of competence in physics, chemistry, and geology. 
There were, on the other hand, three physical chemists 
with good training in physics and five physicists who 
knew a fair amount of elementary theoretical chem- 
istry. This situation again appears not unusual. It 
is important that a number of men be available to 
give the lectures in the course, not only because more 
than one section may need to be given but also because 
any man teaching a required or semi-required course 
year after year is liable to go stale on the job. More- 
over, as this is a laboratory course, several staff mem- 
bers were needed to teach the laboratory sections. 

There are theoretical advantages to emphasizing 
the fields of physics and chemistry. In the course of 
our discussions the view developed, and was accepted 
by many of us, that the division of the sciences into 
those concerned with things that are alive and those 
concerned with things that are not alive is more neat 
than illuminating. A more fundamental division 
should be one based not on the objects investigated 
but on the kind of investigation. Physics and chem- 
istry embody the exact mathematical analytic aspect 
of science more perfectly than any other discipline. 
Here the descriptive aspects are at a minimum. Here 
the laboratory, the art of measurement, the use of 
experiment, have been carried further than anywhere 
else. Nowhere else does one find the organic unity 
achieved by great conceptual schemes so well dis- 
played. If contrast with the biological sciences is 
desirable in a course in the physical sciences, here is 
where it is sharpest. 

One may urge, further, that physics in particular 
was the first natural science te reach maturity, that it 
has been historically the paradigm for all others, even, 
whether foolishly or not, for the social sciences. There 
appears to be a kind of hierarchy of sciences (not, 
God forbid, of scientists): chemical properties and 
behavior are explained by physical concepts and the- 
ories, geology and astronomy are explained in terms of 
physics and chemistry, and, as a working hypothesis 
at least, biological behavior is explained in terms of 
chemical ideas. From the point of view of what is 
fundamental, a good case can be made for concentrating 
on physics and chemistry. 

It is obvious that many topics are difficult to allocate 
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between physics and chemistry. Indeed, such a 
division is not too useful for understanding these dis- 
ciplines, however important it may be to workers in 
some speciality. The problem still remained as to how 
topics should be arranged and transitions managed. 
(Query: How is the transition made from, say, Heat 
to Optics in a standard physics text. Answer: By 
starting a new page. But there no one worries about 
what makes these subjects both physics.) Profit of 
a not clearly anticipated sort has accrued from the 
decision to do both physics and chemistry. First, it 
has made it more difficult for us to fall into the familiar 
ruts. Second, it has turned out that the physicists 
like doing some chemistry and the chemists like the 
physics. We have all had to learn something. 

It is a truism that one should have the ends in mind 
before designing the means. But he should also know 
what means are available before choosing ends. We 
have tried to do both in a back-and-forth, give-and-take 
sort of way. As a self-disciplinary measure and aide- 
mémoire in giving lectures, we have tried to formulate 
both what we are aiming at and what we are not aiming 
at. These aims are here listed and classified, but it is 
important to be aware in reading them that instructors 
in the course are not bound to emphasize each to a 
predetermined degree, for, we believe, the peculiar 
genius of one instructor will be such that he can achieve 
this, of another that he can achieve that, and each 
should do what he can do well. 

Our objectives may be put under three headings: 
(1) To teach some solid subject matter. (2) To give 
some understanding of science both as a body of knowl- 
edge and as an activity. (3) To inculcate certain 
attitudes. Concerning the first of these there is re- 
markable agreement among the members of our staff, 
although the reasons different men have for supporting 
the aim are diverse. “Solid subject matter” is, of 
course, a comparative term. The typical college stu- 
dent simply cannot survive in a modern preprofessional 
course in these fields. What is meant here is that we 
do not want to give a course in which too many topics 
are treated too superficially. That is, not only should 
the course not be a survey of all the physical sciences 
but within the chosen fields of physics and chemistry 
the so-called block and gap system should be used. 

To know what one does not want to do is almost as 
important as knowing what one wants to do. We do 
not aim to make a man feel at home among modern 
gadgets. (What scientist understands them all? We 
all work with mysterious black boxes.) Nor is the 
aim to enable the future housewife to cook scientifically 
or fix door-bells or television sets. Nor is our aim to 
entertain for an hour with a rapid succession of un- 
digested demonstrations. 

What then are the excuses for teaching solid science? 
Briefly, they are: That the stuff is intrinsically in- 
teresting; that these achievements are some of the 
brightest jewels in Western Civilization’s , battered 
crown; that one area of physical knowledge, atomic 
and nuclear physics and chemistry, has such great 
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contemporary significance that the educated map 
should have some comprehension of it; and, finally 
that any attempt to show the methods of these sciences, 
science as an activity or process, is hopeless without 
real illustrative material. Probably those who object 
to courses “about science” are making this last point. 

Under the second class of aims we include study of 
the methods and the logic of these sciences—for ex. 
ample, the manner in which a crude notion such as hot 
or cold becomes by a process of successive approxima- 
tion a precise physical concept—or the use of models, 
such as the particle or wave model in constructing a 
theory. Here, too, we include the sort of thing Conant 
calls the “tactics and strategy of science.” We have 
used his case-history method only sparingly; it is not 
essential to his main points. 

We have also included, as contributions to the under- 
standing of science as a human activity, discussion of 
the interrelation of science and technology, the question 
of freedom of inquiry, and the changing methods of 
supporting the scientific enterprise. The discussion of 
the steam engine, for example, has been included not 
only because it is germane to the work on heat but also 
because it-permits the point to be made that in the 
eighteenth century it was possible for a fairly elaborate 
technology to develop almost completely without the 
aid of science, and the further point that this is, in 
general, no longer true. 

As for the third of the major classes of aims, there 
are two sorts of attitudes we believe worth encouraging. 
The first could be called the scientific attitude—a state 
of mind conditioned by the knowledge that the world 
is as it is rather than as one wants it to be, and by the 
faith that any genuine question about the world will 
ultimately yield to patient and inspired inquiry in 
accordance with the methods of science. The second 
we would describe as a friendly attitude toward science. 
There are so many signs of the growth of an unfriendly 
attitude toward science—perhaps as an_ irrational 
reaction to rapid change or atom hombs—that we think 
it not illegitimate to attempt, in a small way, to counter- 
act this development. 

In the working out of a syllabus of topics each lec- 
turer has had a rather free hand. The reasons for 
freedom are the obvious ones that instructors do better 
work when allowed to exercise choice and initiative and 
that experimentation is desirable. One such outline 
of topics (it happens to have been used, with minor 
modifications, more than any other) is briefly sketched 
below. Again, almost more important than noticing 
what is included is noticing what is left out. Examples 
of standard topics omitted are: vectors, statics, 
geometrical optics, rotary motion, alternating currents, 
most of sound, elasticity, and the systematic study of 
the chemical properties of the elements. The study 
of vectors, to single out one case, is no doubt interesting 
and valuable, but as with the charity boy in “Pickwick 
Papers” when he came to the end of the alphabet, why 
should one go through so much to learn so little? Of 
the topics our list includes, many are normally given 
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Lecture Topics 
First Semester: 

(8) Galileo and the beginnings of modern science. The 
Newtonian synthesis. 

(2) The development of the gas laws. 

(8) Fundamental chemical concepts and laws and chemical 
atomic theory. 

(4) Heat and energy—the steam engine, heat, potential and 
kinetic energy, mechanical equivalent of heat, con- 
servation of energy. 

(2) Kinetic theory. 

(3) Development of the periodic law. Structure of atoms. 


Second Semester: 

(10) Chemical bonds, ionization, chemical energy, kinetics and 
equilibrium, organic chemistry. 

(7) Static electricity, electrolysis, Ohm’s law and the heating 
effect, electromagnetism. 

(2) Wave motion. 

(8) Atomic physics—X-rays, radioactivity, the Bohr-Ruther- 
ford atom, photo-electricity, isotopes, artificial trans- 
mutation, atomic energy. 


Laboratory Experiments 
First Semester: 
Review of algebra. 
Hooke’s law. 
Simple pendulum. 
Freely falling bodies. 
Gay-Lussac’s law. 
Chemical elements and compounds. 
Atomic weight of copper. 
Molar volume of oxygen. 
Molecular weight by Dumas’ method. 
Preparation and properties of hydrogen and‘oxygen. 
11. Specific heat. 
12. Mechanical equivalent of heat. 
13. Halogens and alkali metals. 


Second Semester: 


Acids, bases, and salts. 

Reactions of ionic materials. 
Elementary qualitative analysis. 
Factors influencing rates. 

Synthesis of ethy] acetate. 

Electric cells and electrochemistry. 
Electrolysis. 

Volts, ohms, and amperes. 

Heating effect of an electric current. 
10. Motor effect of the electric current in magnetic field. 
11. Wave motion and resonance. 

12. Microscope and telescope. 

13. Wavelength of light by a grating. 

14. Microwave demonstration. 

15. Radioactivity demonstration. 


* Approximate number of lectures given. 


in both first-year physics and first-year chemistry 
courses; for example, the gas laws, kinetic theory, 
the concepts of heat and energy, all of the elementary 
atomic theory, and, of course, the relearning of ele- 
mentary algebra, a subject which seems to be dying of 
neglect in our high schools. The majority of our 
students have had neither physics nor chemistry in 
high school. Those who have had one of these find, 
in general, that the approach is sufficiently different 
to take the curse off the repetition. 

This is a year course, with two lectures, one two-hour 
laboratory period, and one hour for discussion sections. 
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We have found that the sternest self-discipline is re- 
quired to keep ourselves from trying to include too 
much. Indeed, we have not been stern enough and 
hope in the future to use the knife more ruthlessly. 

Most physical-science courses for the general student 
have omitted the laboratory, primarily because of 
expense. So long as there is no really persuasive way 
of estimating the value of the laboratory as compared 
to the lecture, science staffs can hardly do more than 
record their expert opinion that laboratories are worth 
what they cost. We have, however, done much to 
make them cheaper. The periods are limited to two 
hours, thus permitting a room to be used four times 
aday. Although all of the experiments are run on the 
even-front principle, the apparatus has been kept cheap 
except in those cases where the experiment is of the 
demonstration type. Cheapness and simplicity of 
apparatus has the inestimable value of permitting 
changes from year to year. Although elementary 
chemistry has never suffered seriously from the need 
of expensive equipment, elementary physics labora- 
tories are too often confined by their own heavy in- 
vestments. We have deliberately designed our elec- 
tricity experiments, for example, so that the same 
rheostats and meters can be used throughout. In 
chemistry, experiments have been adapted for the use 
of semimicro technique. We find that this helps make 
it quite feasible to use a physics laboratory for the 
chemistry or vice versa, thus making it economically 
possible to mix physics and chemistry experiments in 
the same semester. For the physics experiments the 
apparatus (either 8 or 16 sets) is set in the laboratory 
for the entire series of sections. We have also found it 
a simple and successful practice for most of the chem- 
istry experiments to have equipment for the whole 
week set out in 16 to 18 trays. Each student uses the 
equipment in a tray and then replaces it for the one 
who will succeed him in the next section. By this 
means we avoid the necessity of expensive tables or 
cabinets containing a drawer for each student enrolled 
in the course. 

Mimeographed directions are furnished the students. 
Data are taken. curves plotted, observations recorded 
and queries answered in a bound cross-section paper 
notebook. We try to have the students complete 
their write-up in the laboratory and most of the check- 
ing of the written work and computations is done 
there. The custom of writing long elaborate reports 
a week after the work is done is the most unprepossess- 
ing and least rewarding feature of the traditional 
laboratory course so far as nonprofessionals are con- 
cerned. Reading such reports is making poor use of 
faculty time and, in colleges at least, good student 
readers are hard to find. 

It is the policy here to have faculty members conduct 
the laboratory periods. Not only are competent stu- 
dent teaching assistants hard to come by in the absence 
of a large graduate school, but also we find that non- 
professional students require more skillful aid and more 
of it than do students in the major courses. Moreover 
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it is probably uneconomical to invest in laboratories at 
forty dollars per square foot, the going price in Califor- 
nia, and then try to save a few dollars on teaching 
staff. 

The laboratory work has a variety of functions. , One 
of the most important of these is to show the student 
that material things have a diabolical cussedness 
which the scientists must somehow subdue. One is to 
drive home the point that a large part of scientific 
method consists in the use of innumerable and almost 
unclassifiable techniques. (This is one of the chief 
reasons why a skilled physicist is not automatically a 
skilled biologist or economist, as he would be if “the” 
scientific method were one single thing.) Another 
function is to impart some degree of sophistication in 
regard to accuracy of measurement. Still another is 
to make vivid the tremendous gap between the concrete 
experimental facts, say, of the gas laws and the explana- 
tory kinetic theory. Some of the experiments have as 
a primary purpose the clarification of difficult ideas. 
Some demonstration experiments have been chosen 
for their elaborateness and timeliness—for example, 
the one on radioactivity using a scaler. Two or three, 
alas, are there for want of something better, but, we 
expect, not for long. 

Some major difficulties remain unsolved. One is 
the problem of textbooks. We tried one survey text 
when the course was being given on a pilot scale and 
found that when we had omitted geology, meteorology, 
and most of the astronomy the rest was too far con- 
densed and inadequate. We have since then used a 
physics text plus a chemistry text, but do not find this 
a very satisfactory answer even when they are treated 
as references. We find, for example, that no texts 
treat the subject of reaction rates as completely as we 
want to except those which, like Pauling’s, are too 
formidable to put in the hands of these students. 
(Suggestion: It would be of great service to all in- 
structors employing the “block and gap” system—a 
system which seems likely to meet with increasing 
favor for general education courses—were there to be 
published a set of “blocks,” skillfully edited and co- 
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ordinated. These might well be in pamphlet form 
like the case histories now coming from Harvard.) 

No books we have examined, except Taylor’s “Phys. 
ics, the Pioneer Science,” and the Harvard Case Studies 
pay more than lip service to scientific method, the logic 
of the subject, its “tactics and strategy” or social rela- 
tions. Textbooks still carry weight with young stu- 
dents, and orthodox texts have proved for us almost 
worse than no texts at all. 

Although suitable texts are likely to be forthcoming 
in the near future, the mental set brought by students 
to a physical-science course is a difficulty that will be 
long with us. 

We have in this course students from all four college 
years. We are inclined now to think that the more 
general aims of the course can best be achieved with 
more mature students. It is a mistake to hold that 
general education should precede special or technical 
education. A boy of 16 can learn calculus or chemistry 
perfectly well and is often eager to, but he is seldom 
willing to reflect on the nature of mathematics and 
chemistry or what makes them grow. We believe it 
likely that with the exodus of the survey there will 
gradually come a shift of these general-education courses 
to the last two years of college. 

Another unsolved difficulty is that of determining 
whether we are achieving our aims. In so far as these 
are traditional, traditional testing does it, but to meas- 
ure the success of our other aims requires new tech- 
niques which we do not yet have. The size of the 
classes almost precludes the use of essay-type examina- 
tions, which might, if skillfully put and read, tell a 
good deal. Objective tests must be the answer, but 
so far we cannot claim to have made much progress in 
this direction. In the meantime we have our personal 
impressions, gained from contact with students, to 
encourage us. And should we fall even a good way 
short of our goal, we can remember that the dictum 
that anything worth doing is worth doing well should 
have as its running mate the wise saying of Samuel 
Butler, that anything worth doing is worth doing 
badly. 


student ideas. 


The Science Departments of Pennsylvania College for Women announce the Sixth Annual 
Eastern Colleges Science Conference to be held on their campus April 3, 4, and 5, 1952. This 
conference will include over 300 eastern colleges offering the various branches of science. 
than 500 undergraduates will represent their colleges. 

The theme for the conference will be “Science in an Industrial Era” and will center around 
the industries of Pittsburgh. Tours will be conducted through Westinghouse Electric, a steel mill, 
H. J. Heinz Company, Buhl Planetarium, Western Psychiatric Hospital, Carnegie Museum, and 
Mellon Institute of Industrial Research. The program will also include exhibits, social functions, 
speeches by nationally known scientists, lectures by specialists in various fields of science, and 
most important of all, the presentation of undergraduate student papers and the exchange of 
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* A CONSTANT-TEMPERATURE BATH FOR 
WARM CLIMATES 


Cuemicat development in the southern states poses 
anew problem in temperature control. In some areas 
the maximum daily temperature exceeds 35°C. for 
days at atime. For weeks, and sometimes for months, 
hydrant water may remain above 25°C. The experi- 
menter is forced to make his studies at temperatures 
considerably above this or he must resort to some type 
of refrigeration. 

Although some buildings are air-conditioned there 
is a definite need for a simple water bath with a cooling 
arrangement that has sufficient maneuverability to be 
easily moved from room to room or from building to 
building. The conventional water bath with cooling 
coils leading through an ice box or modified refrigerator 
is sometimes used. Such an arrangement is capable 
of giving good temperature control but is unduly space- 
consuming and generally difficult to move once it is in 
operation. The authors designed and built a compact 
constant-temperature water bath for instructional use 
in physical chemistry but which has a wider range of 
application. 

The bath consists of two tanks, one within the other. 
The outer tank is 40 in. long., 18 in. wide, and 16 in. 


deep. It is filled with water which serves as a refriger-. 


ant. It is made of wood mounted on a wooden frame, 
supported on castors and lined with stainless steel, 
and is light enough so that even when filled with water 
the entire assembly can be moved from place to place 
in the laboratory. 

The bath assembly is designed in such a manner that 
one end of the larger tank is used for precision tempera- 
ture control while the other end is used for the storage 
of solutions or for temperature regulation of standard 
solutions during their preparation. For precision 
temperature control a Sargent constant-temperature 
unit is placed in the inner tank (a 20-liter jar) surrounded 
by the refrigerant. Temperature in this tank is main- 
tained over long periods of time with little attention 
to within +0.01°C. For a period of a few hours the 
variation is considerably less, varying no more than a 
few thousandths of a degree. The temperature is 
determined by a mercurial thermometer calibrated by 
the U. S. Bureau of Standards. 

The coolerant in the larger tank is warmed by a simple 
type of immersion heater. The coolerant flows through 
copper tubes which are attached to the inside walls 
of the tank, traversing the length of the tank ten times 
before returning to the compressor. The refrigeration 
unit is a '/,-horsepower size of the type supplied by a 
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The Constant Temperature Bath 


local refrigerator concern and requires 460 watts 
for operation. Water is circulated by means of a water 
pump discharging through a copper tube running the 
length of the tank, closed at its extremity but perforated 
with holes along its entire length. Both the heater 
and refrigeration units are controlled by Fenwall 
expanding type electric thermoregulators. Maximum 
sensitivity for this type of regulator is listed as + 0.1°C. 
Some difficulty was encountered with the above arrange- 
ment until relays were inserted between the thermo- 
regulators and the heater and refrigeration units. A 
terminal box which eliminates bare wires and provides 
convenient grouping of switches completes the assem- 
bly. 

For precision measurements at 25°C. the outer 
bath is maintained at approximately 20°C., the tem- 
perature at which volumetric apparatus is usually 
calibrated. The temperature of the coolerant is main- 
tained easily at this value with variations of less than 
+1.0°C. Volume changes in water accompanying 
temperature changes within these limits are less than 
those encountered in volumetric procedures in the prep- 
aration of solutions. 
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* THE CAUSE OF OPTICAL INACTIVITY ut 


(1) 


Iris possible to pick up many introductory, or ad- 
vanced, organic chemistry textbooks and find one of the 
following statements given as a reason for optical activ- 
ity or inactivity: “Loss of asymmetry automatically 
involves the loss of optical activity. The two prop- 
erties disappear together.” Or, “The crux of the 
theory presented here is that optical activity rests upon 
molecular asymmetry. The theory has been com- 
pletely successful in the face of thousands of tests.” 
Or, “The fundamental postulate of the theory is that 
this isomerism is to be found only when the molecule 
¢an exist in two forms which are mirror images of each 
other. Such a molecule is said to be asymmetric. 
Optical activity isa property of anasymmetric molecule.” 
And, finally, “Experience shows that optical activity 
is only produced when the molecule is completely un- 
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are represented by A, B, and C, are always optically in 
active, whereas all molecules of Type II are always 
optically active. The answer is very simple, and jg 
found in almost any paper on the theory of optical 
rotation. In all these theories (1) a summation of the 
rotations of all the individual molecules, oriented in all 
possible random positions, is carried out, and in the 
case of molecules with a plane or center of symmetry, 
this summation produces a net rotation of exactly zero, 
The physical picture of this summation is described in 
a paragraph written by Noller (2) in 1947 and, unfor- 
tunately, not incorporated, to the author’s knowledge, 
in any of the newer textbooks. Referring to the com- 
pounds pictured, containing a single carbon atom, 
Noller says: “If two atoms or groups are alike, 
the random orientation of the molecules will provide 


symmetrical in structure. All chemical changes which each molecule with a mirror image so that any rotatory che 
remove the cause of the asymmetry of the molecule _ effects of the individual molecules would cancel. There- illu 
fesult in a disappearance of the optical activity. One fore the only requirement for optical activity is that Th 
is therefore led to the conclusion that the capacity pos- two like molecules cannot be orientable in such a way Tea 
by many substances of rotating the plane of that they are mirror images of each other or in tio 
olarization of light has its origin in unsymmetrical other words that the mirror image of a mole- (3) 
bpolécalar structure.” cule cannot be superimposable.” It is evident that ide 
It will be noted that in all cases the connection of if a molecule has a plane, or center, of sym- of 
bptical activity and molecular asymmetry is purely metry, it is identical with its mirror image, and, of 
empirical. _This would not be so bad in itself if it im any solution of sufficient concentration for optical m¢ 
did not lead to an incorrect picture of optical activity measurements, there will be, for every molecule sus 
which defies logical explanation. The student is led oriented in a given way another oriented as a mirror pe 
image of the first so that the resultant rotation of the tio 

a Cc D solution will be exactly zero. The rotations produced 
, by the individual molecules will be ‘externally com- po 
pensated” in the same manner as for a d,/-mixture. of 

The erroneous impression given by textbooks, of als 

individual molecules which are optically inactive because hai 

of a plane or center of symmetry, is probably caused to 

by attempting to explain the conditions for optical sul 

activity rather than those for optical inactivity. This ac’ 

is due to the fact that optically inactive compounds tic 

were known long before, and in much greater numbers, ing 

than optically active ones. If optically active com- | 

pounds had been discovered first, and then occasion- ap 

ally an optically inactive one had come to light, it is J tic 

I II very likely that the correct explanation of optical in J ¢a 

activity would have been arrived at earlier. } Cal 

to believe that an individual molecule of Type I does This picture of optical inactivity can also be applied res 
not rotate the plane of polarized light, whereas an to meso-tartaric acid, where it is seen that the in- pr 
individual molecule of Type iI does. He finds it justi- activity is probably due principally to “external com- res 
fiably hard to believe that the changing of one atom, pensation.” The “internal compensation’ in this a 
or group in an already fairly complex molecule, can case would be limited to exactly “staggered” molecules . 
cause the difference between optical activity and in- or “eclipsed” molecules, which are oriented with their 
activity. Thestudent also wants to know why itisthat planes of symmetry perpendicular to the path of the light 
molecules of Type I, no matter what atoms or groups (3, 4). 24 
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* A NEW EXPERIMENT ON REACTION RATES IN GENERAL CHEMISTRY 


A survey of several laboratory manuals in general 
chemistry shows that three experiments are in use to 
illustrate the effect of concentration on reaction rate. 
These are: (1) the rate of evolution of hydrogen by the 
reaction of a metal and an acid, (2) the rate of libera- 
tion of sulfur from an acidified thiosulfate solution, and 
(3) the “iodine clock.” None of these can be considered 
ideal for the purpose. In the case of the first, only one 
of the reactant concentrations can be varied; in the case 
of the second, the kinetic dependence is not a simple bi- 
molecular one,! and the opacity of the resulting sulfur 
suspension, by which the rate is usually measured, is.de- 
pendent on certain factors in addition to the concentra- 
tion of sulfur. 

The “clock” reaction, though apparently the most 
popular, is subject to the most serious objections, some 
of which have been pointed out by Hered.? It should 
also be noted that the time elapsed is that required for ex- 
haustion of the sulfite ion, and therefore it is not possible 
to use the reaction to show dependence of the rate on the 
sulfite concentration; in those instances where the re- 
action is complete sooner at a higher initial concentra- 
tion of sulfite, another factor (acid catalysis) is operat- 
ing which is concealed from the student. 

The reaction between persulfate ion and iodide ion 
appears to be free from all these objections. The reac- 
tion is bimolecular,’ the concentrations of both reactants 
can be varied, and the effect of depletion of the reactants 
can be minimized by observing only the first part of the 
reaction. The time required for the development of a 
predetermined depth of color serves to establish the 
reaction rate. Concentrations which have been found 


1La Mer, V. K., anp R. H. Dineaar, J. Am. Chem. Soc., 
72, 4847 (1950); Tauss, H., ibid., 65, 527 (1943). 

? Heren, W., J. Cuem. Epuc., 27, 542 (1950). 

*Meretosa, A., Ann. Acad. Sci. Fennicae, [A] 2, Chem. No. 
24 (1947) (Chem. Abstracts, 42, 2163 (1948)). 
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convenient are 0.1 M (NH,)2S.Os and 0.2 M KI. If 
a solution containing iodine (0.001 M) and potassium 
iodide (0.03 M) is used as a color standard, about two 
minutes will elapse from the time when equal volumes 
of the reagents are mixed until the color of the reacting 
mixture matches that of the standard. The effect of 
concentration can of course be shown by diluting one or 
the other reagent before mixing. In the experience 
of the author and his colleagues, students’ results in this 
experiment have been generally quite satisfactory. 

Two drawbacks to the experiment have become evi- 
dent. The first is the cost of the reagents; unfortu- 
nately, the solutions cannot be much more dilute than is 
stated above without prolonging the reaction time inor- 
dinately. However, the cost may be offset to some 
extent if the students’ mixtures are collected in a large 
jar; the further progress of the reaction leads in a few 
days to the exhaustion of the potassium iodide and the 
deposition of crystals of iodine, which can be recovered. 
The other drawback is the difficulty of observing the 
point of exact matching of the colors. Students have 
a tendency to anticipate this point, and continuous 
close watch of the test tubes fatigues the eye; it is well 
to instruct that the tubes be compared every 15 seconds 
(not oftener) and that observations be continued until 
the reaction tube is definitely darker than the stand- 
ard, whereupon the time when the colors matched may 
be determined by interpolation. 

Finally, it must be noted that the ammonium per- 
sulfate must be pure and the solution freshly prepared; 
otherwise an immediate liberation of iodine may take 
place, rendering rate measurements useless. 
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From his first year of chemistry through his analyt- 
ical courses the student uses an activity series and 
standard electrode potentials before he understands the 
free-energy relationships involved. At all levels the 
usefulness of such a series in the teaching of chemistry 
has long been recognized. To increase the value of 
such a table of standard electrode potentials a new 
method of combination of half-cell reactions is proposed. 
The proposed method of combining half-reactions 
and their corresponding electrode potentials is based on 
the method of volt equivalents (1). With the early 
introduction of this method as soon as half-reaction 
potentials are presented, the later transition to the free- 
energy concept should be natural and logical. No 
claim is made for the originality of this approach, but if 
the difficulties inherent in the alternative method are 
generally recognized, then an important aim of this 
paper will have been satisfied. 

The data in the table on page 141 and the conven- 
tions followed are taken from W. M. Latimer’s ‘‘Oxida- 
tion Potentials” (1). The relationship 


—AF = nEF (1) 


in which AF is the free-energy change, EF the oxidation 
potential, § the faraday, and n the number of equiva- 
lents changed, will be referred to in the discussion. 
The number of volt equivalents, nE£, is directly pro- 
portional to — AF and is commonly used instead of it 
for the calculation of E from the combination of any 
two half-reaction potentials (1). It is not suggested, 
however, that “free energy’? need necessarily be 
brought into class discussion at the elementary level. 
In the combination of half-reactions and half-reaction 
potentials two working “‘rules’’ or conventions are often 
followed (1). The first of these states that a complete 
chemical reaction is obtained by subtracting one half- 
reaction from the other; the standard e. m. f. for the 
complete reaction is obtained by subtracting the corre- 
sponding standard electrode potentials: 


Volt 
E° equivalents 
(I) 3(Mg= Mg** + 2e) 2.34 14.04 
2 (Au = Aut*+t + 3¢) —1.42 —8.52 
3Mg + 2Au+++ = 3Mgtt + 2Au 3.76 22 . 56 


This rule is found in a variety of textbooks (2, 3, 4, 4). 
For the early courses the presentation is, of necessity, 
arbitrary. Thus, the student must be cautioned against 


e COMBINING HALF-REACTIONS AND THEIR 
STANDARD ELECTRODE POTENTIALS 


SIDNEY I. MILLER, ' 
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multiplying the first e. m. f. by 3 and the second by 2 to 
get the e. m. f. of the combined cell of example I. In 
qualitative and quantitative analytical courses the 
more general Nernst relation (4), 


which shows how-the half-cell potential changes with 
concentration, may be given (4). The y; are coeffi- 
cients and the a; are activities of the species involved in 
the half-reaction. The rule of combination is then 
given as: 


E, — BE, = E,° — in .— 
In as") (3) 


There are many cases, however, in which the con- 
vention expressed by the first rule or by equation (3) 
leads to erroneous results. Suppose the student is re- 
quired to deduce E° for the reaction 

2Cu*+ = Cu + Cutt (4) 


from a table of data containing the half-reactions of 


copper (1). These are the possibilities: 
Volt 

E° equivalents 

(II) Cu =Cut* + 2e —0.345 —0.690 
2(Cu = Cut + e) —0.522 —1.044 
2Cu* = Cu + Cutt 0.177 0.354 

(III) = Cutt + e) —0.168 —0.336 
Cutt 2e —0.345 —0.690 

+ Cutt 0.1772 0.354 

(IV) .Cut=—Cut++e —0.168 —0.168 
Cu =—Cut+e —0.522 —0.522 
2Cut = Cu + Cut* 0.3548 0.354 


The first rule applies in examples I and IV, not because 
e. m. f.’s are additive as such, but because the e. m. f.’s 
are directly proportional to the free energies, which are 
additive. In examples II and III, typical of those 
first recognized by R. Luther (6), both half-reactions 
involve a single element in different oxidation states. 
In such cases the number of electrons transferred in the 
half-reactions may differ from the number transferred 
in the complete reaction. The e. m. f.’s, no longer pro- 
portional to the free energies, may not be manipulated 
like free energies and the first rule cannot be applied. 
The second rule states that when two half-reactions 
are combined to give another half-reaction the standard 


1 Present address: Department of Chemistry, Illinois Insti- 
tute of Technology, Chicago 16, Illinois. 
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2 Incorrect. 
3 Correct. 


: 
Mi 
th 
i us 
id 
(Vv 
it 
$l 
an 
gl 
en 
= 
Be 
er 
ler 
po 
ler 
ch 
wi 
tal 
ste 
ree 
tia 
ad 
i 
{sl 
Cr’ 
Cu 
Cu 
Mr 
1 
1 
the 
m 
Ity 
sp 


Volt 


ecause 
m. f.’s 
ich are 
those 
ictions 
states. 
in the 
sferred 
er pro- 
ulated 
lied. 
vctions 
indard 


MARCH, 1952 


free-energy changes, rather than the standard electrode 
potentials, are combined algebraically; from the result 
the new standard e. m. f. is derived. In these cases the 
yse of volt equivalents shortens the calculations con- 


siderably. 


Volt 
equivalents E° 
(V) Cr =Crttt + de 2.13 0.71 
Cott = Cettt + 0.41 0.41 
Cr =Crt* + 2e 1.72 0.86 


The second rule may be worded so as to include all pos- 
sible combinations. It is thermodynamically exact 

and, applied to the preceding examples, it invariably 
gives the correct e. m. f. 

It seems desirable, therefore, to devise a presentation 

of standard electrode potentials which will avoid the 
errors inherent in the first rule, which will be consistent 
with theory, and yet which can be taught in general 
chemistry without making the treatment more difficult 
or arbitrary than it is at present. It will be assumed 
that Faraday’s laws of electrolysis have been presented 
before the standard electrode potential is introduced. 
The following treatment is similar to that of Eastman 
and Rollefson (7) but a fundamental modification is 
introduced in the rule of combination. 

A standard electrode potential is an intensive prop- 
erty of a given half-cell, and as such is nonadditive— 
it is independent of the number of chemical equiva- 
lents or faradays involved. On the other hand, when 
standard electrode potentials are to be combined they 
can be regarded as quantities of free energy in units of 
23,100 cal., since E° is proportional to AF° if n is taken 
as unity. Therefore, a table of standard electrode 
potentials is also a series of numbers in volt equiva- 
lents, characteristic for a half-reaction in which one 
chemical equivalent is involved. It is convenient to 
write the chemical half-reactions as in the following 
table so as to associate a one-faraday change with the 
standard electrode potential; whenever these half- 
reactions are combined the standard electrode poten- 
tials should be termed “volt equivalents” and treated 
additively. 


Half-reaction E°, volts 
= Mgt* + 2e) 2.34 
(Cr = + 2e) 0.86 
1/,(Cr = Cr+++ + 3e) 0.71 
Crt+= Crt+++ +e 0.41 
Cu+ = Cut+ +e —0.168 
1/(Cu = Cut* + 2e) —0.345 
Cu = Cu* +e —0.522 
MnO,~~ = + e —0.54 
1/(40H- + MnO, = MnO,-~ + 2H,0 + 2e) —0.58 
1/,(Au = Aut*++ + —1.42 


To a first-year student the distinction between the 
volt and the volt equivalent need not be confusing. He 
has already learned to differentiate between some of 
the following related properties: weight and density, 


mols and concentration, force and pressure, heat capac- 
ity and specific heat, the speed of a reaction and its 
specific rate constant, in short, between extensive and 


- combining one half-cell with another. 
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intensive properties. He may also know how to con- 
vert the extensive into the intensive property by specify- 
ing a unit quantity of substance concerned. 

If the student has understood the difference between 
weight and density he should not find it unnatural to 
characterize a cell by its standard e. m. f. in volts and 
work with another unit, the volt equivalent, when he is 
He is now pre- 
pared for a general rule applicable to all combinations 
of half-cells. Manipulate both the chemical reaction and 
the volt equivalents in analogous algebraic operations until 
the resultant volt equivalents are associated with a change of 
one chemical equivalent in the combined reaction. This 
number of volt equivalents can now be regarded as the 
cell or half-cell potential. 

Several of the preceding examples are worked by this 
method to obtain standard e. m. f. values. 


Volt 
equivalents 
1/.(Mg = Mgtt + 2e) 2.34 
(VI) */s(Au = Aut*tt + 3e) —1.42 
1/,.Mg + */;Auttt = + 1/;Au 3.76 
E° = 3.76 volts 
(VII) —0.345 


1/2(Cu = + 2e) 
Cu = Cut + e —0.522 
1/,Cu + 1/,;Cutt 
Cut + Cut = Cu + Cutt 
E° = 0.354 volt 


Notice that the first answer obtained in VII from addi- 
tion must be doubled to give a reaction in which only 
one electron is transferred. 


Volt 
equivalents 
(VIII) X /a(Cr = = + 3e) 3/2 X 0.71 
1/,(Cr++ = Crtt++ + e) 1/, X 0.41 
1/.(Cr = Crt* + 2e) 0.86 
E° = 0.86 volt 


Finally the combination of a half-cell with a complete 
cell reaction is also accessible by this method. 


Volt 
equivalents 

(IX) = MnO, + 

2MnO,- + 40 0.04 
1/,(40H~ MnO,~-~ + 

+ 2e) —0.58 

= + e 
—0.54 

E° = 0.54 volt 


If the half-reactions are written as they appear in 
the table, the rule of combination can be reformulated 
for more advanced students as 


nE,,2 = E,° — E,° — Ina’ x" In as”) (5) 


where n represents the number of electrons transferred 
in the complete reaction. In many cases n = 1, but 
when n ¥ 1 the calculation requires an extra step, as in 
example VII. 

With this rule of combination even the first-year 
student can use e. m. f. values to predict whether or not 
any reaction will go, and to make up new half-reactions. 
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Isolated facts in the chemistry of an element may take 
on “new significance; for example, the disproportiona- 
tion of the cuprous ion in aqueous solution and the re- 
quirements for stable cuprous compounds can be dis- 
cussed in the light of the equilibria given in example 
VII. It is emphasized that, if electrode potentials are 
to be presented, the operations involved in the volt- 


more arbitrary or difficult than those associated with 
the first rule. Once learned it can easily be applied in 
topics in general and analytical chemistry. Finally, 
the volt-equivalent method is thermodynamically 
sound so that the student will have nothing to unlearn 
later. 
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Sopnomorzs ‘and juniors taking elementary quanti- 
tative analysis without previous instruction in physical 
chemistry frequently find their attempts to understand 
and apply the Nernst equation hampered by its pres- 
entation to them as a fait accompli. Knowing nothing 
of the considerations entering into its derivation, they 
are forced to use it in equilibrium constant and similar 
calculations without comprehending the fundamental 
relationship between the standard potential of a half- 
reaction and the equilibrium constant of a completed 
equation. Consequently one all too often finds that 
even the students who can perform the algebraic manip- 
ulations ,successfully do so as though performing a 
well memorized series of arbitrary mathematical steps. 
This state of affairs is the logical result of the fact 
that a rigorous derivation of the Nernst equation is 
beyond the scope of such a course. The writer has 
for several years been experimenting with a “derivation” 
which, although clearly beneath criticism on thermody- 
namic grounds, produces the Nernst equation in a man- 
ner which the student can easily appreciate. Having 
found that their understanding of the applications of 
the equation is thereby greatly enhanced, he is impelled 
to present it here for the information of others troubled 
by the considerations outlined above. 


A “DERIVATION” OF THE NERNST EQUATION 
FOR ELEMENTARY QUANTITATIVE ANALYSIS 
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Consider the half-reaction connecting ferrous and 
ferric ions: 


Fe++ = Fe+++ +e (1) 
The corresponding equilibrium constant would be 
[Fet**] [e] 


Having already learned that acid-base reactions con- 
sist essentially of the transfer of protons, while redox 
reactions involve the transfer of electrons, the student 
is inclined to accept a parallel between the significance 
of the proton concentration in acid-base reactions and 
that of the ‘electron concentration” in redox reactions. 
Since in acid-base reaction theory one is concerned with 
the logarithm of the hydrogen ion concentration, 
the analogy can be pursued further by solving equation 
(2) for the logarithm of the “electron concentration.” 
This gives 

Fet++] 


log log K + log (3) 


The next step is purely a matter of convention: 


log [e] = log K — log aT (4) 


At about this point it is necessary to discuss the mean- 
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ing of the “electron concentration.” Of course an 
aqueous solution containing ferrous and ferric ions 
contains no free electrons. (The difference between 
metallic and electrolytic conductors may be reviewed 
here.) So the “electron concentration” is not a physi- 
cally significant quantity. It is merely a measure of 
the tendency of the solution to take up or give off 
electrons. If a solution contains a high concentration 
of ferric ion and a low concentration of ferrous ion, 
equation (1) would suggest the qualitative conclusion 
that reduction be much easier, and oxidation much 
more difficult, than if the relative concentrations were 
reversed. This is the same conclusion that would be 
reached on the basis of assuming a low “electron con- 
centration”’ in the first solution and a much higher one 
in the second. Thus, although the “electron concen- 
tration’’ is fictitious, its use as an aid in reasoning leads 
to conclusions which are qualitatively correct. 

Now, if this “electron concentration” is a measure of 
the tendency of the solution to react with or give up 
electrons, it should be possible to measure the difference 
between this tendency of one solution and the corre- 
sponding tendency for another solution. Let us arbi- 
trarily assume that a solution containing 1 M hydrogen 
ion in equilibrium with hydrogen gas at one atmosphere 
pressure behaves as though it contained one mol 
of electrons per liter. (This is equivalent to defining 
the standard potential of the hydrogen: hydrogen-ion 
couple as zero. The instructor may now wish to digress 
to explain the difficulties involved in defining a single 
electrode potential, and to stress the fact that the final 
comparison between two solutions cannot depend on 
the standard to which the properties of both are re- 
ferred.) 

If an inert metal wire is immersed in this solution, 
it might be expected to assume the same charge den- 
sity (7. e., the same potential) as the solution itself. 
If another similar wire is immersed in a second solution, 
it would be expected to assume the potential of that 
solution. Now if the two wires are connected to the 
terminals of a high-resistance voltmeter, so that no 
current can flow toalter the compositions of the solutions 
during the measurement, the difference in potential 
can easily be measured. It may be pointed out that 
a difference in potential means that a redox reaction 
would occur if the two solutions were mixed, and that 
a large potential difference indicates that the reaction 
would be more nearly complete than if the potential 
difference were smaller. 

Suppose that such a measurement is made of the 
potential difference between our standard hydrogen: 
hydrogen-ion solution and another hydrogen: hydrogen- 
ion solution containing, say, 10 M hydrogen ion. 
By comparison with equation (2) it will be found that 
the second solution will behave as though it contained 
ten mols of electrons per liter. The values of log [e] 
for the two solutions thus differ by one unit. The 


voltmeter reading will be found to be 0.05915 volt at 
25°. Then we can write 
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E = 0.05915 log [e] (5) 
which when combined with equation (4), gives 
[Fet*++*] 

E = 0.05915 log K — 0.05915 log ‘[Fe?*] (6) 


In a solution 1 M in both Fe++ and Fe++* the second 
term on the right of equation (6) vanishes. The poten- 
tial is then the potential under a sort of “standard 
condition” like the standard conditions involved in 
gas law calculations, and is called the “standard poten- 


tial,” E°. Since by equation (6) this is equal to 
0.05915 log K, it follows that 
Fet++ 
E = E° — 0.05915 log eeee (7) 


By an entirely analogous procedure with, say, the 
manganous ion: permanganate couple, it is possible 
to show the significance of the value of n, and thus 
complete the derivation. 

Even the common sign convention can be justified 
to the student’s satisfaction. Consider a solution con- 
taining permanganate, manganous, and hydrogen ions, 
all at 1 M concentration: It is a strongly oxidizing 
solution, which means that it has a great affinity for 
electrons, or that it appears to have a very low “electron 
concentration.” By equation (5), therefore, (which 
in this case is equal to H°) is negative. Similarly 
E° would be expected to be positive for, say, the chro- 
mous :chromic couple. 

In calculating the equilibrium constant of a redox 
reaction one can of course set the potentials of the two 
couples equal at equilibrium and proceed in the con- 
ventional fashion. The following method, however, 
seems to be more readily appreciated by the student. 

Taking the ferrous: permanganate reaction as an 
example: 


[Fe*+**] [e] 


= 0.05915 log (8) 
and 
0.05915 , _ [MnO,~] [H+] 
Ey, = log | n le} (9) 
Rewriting (8) as 
0.05915 
log | (10) 


and subtracting (9) from (10) gives, after a little simple 
algebra, 


O.00016 K (11) 


E°re 5 


The theoretical shortcomings of this presentation 
are so numerous and readily apparent that it seems 
unnecessary to list or discuss them. Nevertheless, 
the writer feels that its use is more than justified by 
the students’ learning immediately that the Nernst 
equation is fundamentally nothing more than a means 
of describing equilibrium relationships in redox systems, 
and by their greater confidence in its use. 
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Aursoven Tswett is usually given credit for originat- 
ing the chromatographic method of analysis, his work 
was preceded almost 35 years by that of Schoenbein. 
While investigating the conditions of ozone formation 
under the influence of electrical discharges, he observed 
selective adsorption of the components of a mixture 
by the different heights to which they rose when a 
strip of filter paper was dipped in the solution. He 
called this new phenomenon “capillary analysis” 
and predicted its usefulness in the field of analytical 
chemistry (1). This was the inception of paper chro- 
matography. 

In 1944, after over 80 years of quiescence in this 
field, Gordon, Martin, and Synge extended Schoenbein’s 
technique to two-dimensional chromatography (2). 
Their adaption was based on the partition principle 
which depends on a dynamic partition or distribution 
of dissolved or dispersed substance between two 
immiscible phases, one of which is moving past the 
other. The separability of mixtures depends primarily 
upon differences among the partition or distribution 
ratios of the solutes in the nonmobile and mobile 
phases. 

Following the original work of Gordon, Martin, 
and Synge, a great number of variations in technique 
and apparatus have been published. The most widely 
used method employs strips of filter paper which are 
suspended from a trough containing water, a partially 
miscible organic solvent and usually a small amount 
of acid. A drop or streak of the solution to be analyzed 
is placed near the top of the strip and the paper and 
trough are placed in a closed container. After a suit- 
able length of time, depending on the filter paper 
and solvent used, the strip is removed from the con- 
tainer and developed with reagents which will locate 
and identify the various constituents of the mixture. A 
very large number of both organic and inorganic sub- 
stances have been separated by this method (1). 

Since the field of chromatography is rapidly develop- 
ing to encompass all phases of industry, it was felt 
that there was a need to develop a simple, small-scale 
method of paper chromatography which could be used 
in freshman qualitative-analysis classes. The majority 
of apparatus previously reported was not suitable for 
class participation (5). In the following procedure, the 
elementary chemistry student can be introduced to 
this rapid and convenient method of chemical analysis 
with a minimum of cost and effort. 

The equipment consists of a 300 X 29-mm. test 
tube and a loop of thin glass rod, the ends of which are 


INTRODUCTORY EXPERIMENTS IN INORGANIC 
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inserted in a cork stopper. This glass loop prevents 
the paper strips from touching each other, since two 
strips are run simultaneously in one or more tubes, 
(A 300-ml. Erlenmeyer flask is used as a support for 
the tube.) For a large number of samples, a test- 
tube rack is made by drilling 1'/,- inch holes in one side 
of a box, 36 X 6 X 6 in. About 33 holes are drilled, 
This is sufficient to hold one class’s test tubes. The 
filter paper strips, 35 em. long and 1.5 cm. wide, have 
a piece of glass rod inserted at the end to prevent curl- 
ing of the paper. The procedure involves depositing 
a small amount of the sample mixture of ions on the 
paper by means of a fine capillary and allowing it to 
dry. After drying, the strip is placed in the test tube 
containing {0 ml. of developing solvent. This solvent 
may be a mixture of water, butanol, or tertiary butyl 
alcohel, and acetic or hydrochloric acid. The tube is 
then closed loosely with a cork until the solvent has 
reached the top of the test tube. The chromatogram 
is tren removed and the separated cations are identified 
with suitable reagents. When dry, the strips are 
sprayed with liquid plastic to prevent fading of the 
identifying colors. 

In the classroom application of this procedure the 
students are supplied with filter paper cut to the proper 
size, and the necessary constituents for their solvent 
mixture. Unknown mixtures ordinarily issued to the 
student for analysis by conventional methods are 
used. It must be pointed out at this point that there 
are two factors which must be carefully avoided when 
this method is introduced on a class basis. The air 
must be relatively free of hydrogen sulfide gas or 
precipitation of the unknown mixture will occur immedi- 
ately after the sample solution is placed on the paper. 
In addition, the sample spot must be dry before the 
strip is placed in the tube or it will tend to be diluted 
by the developing solvent and a very poor separation 
will result. Of the many separations attempted the 
majority of failures could be attributed to one or both 
of these factors. 

Migration of the developing solvent requires approxi- 
mately 20 hours, after which time the strips are re- 
moved from the tube and allowed to dry. Group I 
cations are identified by spraying with potassium iodide 
or dichromate solution, while Groups II and IIA are 
identified by spraying the strips with distilled water 
and exposing them to hydrogen sulfide gas in a closed 
container for about 15 minutes. In order to simplify 
identification of the various cations several chromato- 
grams are prepared for use as standards. A few strips 
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yrerun containing the entire 

up of cations which 
might be present in the 
sudent’s unknown solution. 
By comparing the colors of 
the sulfides or iodides 
formed, and the extent of 
migration of his own strip 
with that of the standard 
chromatogram, the student 
is readily able to interpret 
his results. This system 
proved very satisfactory 
when introduced to a fresh- 
man chemistry class which 
had no previous knowledge 
of the chromatographic 
method. 

A large number of de- 
veloping solventsand grades 
of filter paper were investi- 
gated before a combination 
which would work under 
almost all conditions was 
obtained. A complete dis- 
cussion of these experiments 
including investigation of 
various acid and pH ranges will be found in a sub- 
sequeat paper. Only those solvents and papers used 
in the class experiments will be discussed here. 

The most satisfactory solvent mixtures consist of 
15 per cent water, 10 per cent acetoacetic ester, 75 per 
cent butanol or tertiary butyl alcohol, and sufficient 
glacial acetic acid to adjust the pH between 3.5 and 
40. Hydrion pH paper is used to measure the pH of 
the solutions. The acid is added to give more concise 
bands and prevent trailing due to hydrolysis and the 
existence of ions in complex and simple form at the 
same time (4). The acetoacetic ester functions in the 
same manner (3). 

Two grades of filter paper yielded separations which 
differed chiefly in the speed of migration rather than 
in the degree of separation. Whatman filter paper Nos. 
3 and 4 gave good separations, but the R, values for 
the chromatograms using the No. 4 grade were slightly 
higher than for the No.3 grade. The difference is in the 
porosity of the papers. 

Several examples of separations obtained by the stu- 
dents are shown in the figure. The lighter bands are 
not too distinct in the photograph but their uppermost 
boundaries are indicated by a pencil line. It will be 
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noted that the rate of migration of the various cations 
is strongly influenced by the other ions which are pres- 
ent in the sample solution. 

Although this is a very simple and rapid method of 
qualitative analysis, it is not intended to replace the 
conventional method now employed. The fundamen- 
tal purpose of this small scale procedure is to introduce 
this important analytical tool, chromatography, to 
the future chemist. 

Work is under way on the remaining groups and it 
seems very likely that this same procedure will prove 
successful. A laboratory manual for the chromato- 
graphic separation of the cations and certain of the 
anions found in the conventional qualitative inorganic 
analysis course is in the process of preparation. 
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A SOLUTION TO THE PROBLEM OF STORAGE 
AND AVAILABILITY OF CHEMICAL LITERATURE 


Tue great bulk of existing chemical literature and the 
continued high rate of production have greatly accel- 
erated the search for some method or device to permit 
a rapid and thorough search of the whole breadth of 
this literature to verify the presence or absence of a 
particular idea or fact. The present paper describes 
a device that should aid greatly in the solution of this 
problem. 

A microcard is a compact and convenient device, and 
is commercially available at present for the reduction 
and storage of documents and papers. However, in 
common with all collections of documents filed under 
“a, single main heading” system, the location of subor- 
dinate subjects within a “‘deck”’ of microcards is difficult 
if not impossible without a complete inspection of the 
contents of the cards, or an elaborate cross-index 
system. If the microcard and its cross-index are com- 
bined with a coding and sorting system, it becomes 
possible to store very large quantities of information, 
and to sort out from this the cards containing the desired 
information in its complete form. Presently available 
IBM sorting machines can scan at the rate of 450 cards 
per minute and separate out all those cards corre- 
sponding to a previously specified number group or 
“code.”” IBM cards, combined with microcards, are 
therefore the proposal of the present paper. 


DESCRIPTION OF CARD 


A standard 3 X 5-in. microcard is of such a size as to 
fit neatly into a field comprising 60 columns of the 
standard 80-column IBM card. The remaining twenty 
columns are then available for coding purposes such as 
the following: (1) Ten columns are punched with a 
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standard Dewey-Decimal or other similar classification 
of the main subject matter or title of the paper repro. 
duced on the microcard. (2) Ten columns are punched 
with a set of randomly spaced, four-digit random 
numbers. A specific spacing and number is reserved 
for some specific subject heading designated by the user, 
The figure indicates the allocation of the card ares, 
The proportions assigned to microprint and IBM 
punching may, of course, be modified if desired. 

The randomly spaced four-digit random number 
make it possible to obtain up to several million dif- 
ferent combinations of spacing and numbers useful for 
indexing. Also, the random spacing, both among and 
within the columns, makes possible the placing of the 
codes for‘up to 15 index headings on one card without 
noticeable weakening of the card. If additional 
headings are desired, they must be placed in successive 
duplicate micro-IBM cards. 

Microcards must of necessity be reproduced by a 
photographic rather than a printing process. The 
photographic process nearly always causes curling or 
wrinkling of the photographic paper so that it will not 
pass through an IBM machine. However, the use of 
a plastic material such as the photographic film com- 
monly used for film positives, if of the correct thickness, 
gives very satisfactory results. The required thickness 
for passage through IBM machines without specie 
adjustments is from 0.006 to 0.008 in. 

The best material of this type from the standpoint of 
readability is this same film made opaque by the it- 
clusion of a white filler in the plastic, but ordinary film 
is also quite satisfactory. 

The resulting plastic cards have shown themselves 


autner, 


BE = 


_.. to be stronger and more 
durable than cards from 
standard IBM card stock. 
Several test samples of cards 
cut from film stock wer 
passed through an IBM 080 
Sorter over 50 times without 
visible wear while accom- 
panying standard IBM 
cards were showing definite 
wear. 

The plastic cards are more 
expensive than those o 
paper stock, but not appre 
ciably moresothanstandan 
microcards, since the larget 
share of the cost of either 
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type of microcard is the cost of the photographic 


=. microcard readers will not take cards the size of 
sandard IBM cards. However, models are available 
(for example, the ‘‘Readex’”’) which will take material 
up to6 X 9 in. in size. 


THE CODING SYSTEM 


As an example of the use of the random-digit- 
randomly-spaced method of coding, let us assume we 
have available the codes listed in Table 1. 


— 


TABLE 1 
Sample Random Codes 
Columns 
1 4 2 1 
0 1 | 3 
rim 2 6 
2 | 1 8 
5| | 9 2 
1/8 | 7 
7 6 9 5 “20 
8 
9| 5 7 3 1 
10 8 8 8 | 1 


Astudy of this table will indicate the extreme variety 
of possibilities of codes available with this system. 
There are, of course, 10,000 possible four-digit numbers 
including zeros, and each number can be spaced in over 
270 different ways. Table 1 shows three possibilities 
for the number 4218 in codes 1, 4, and 8. : 

If each of the above codes were assigned in such a way 
that they were all used in indexing some particular 
document, the punching in the random code field of the 
card would be as shown in Table 2. 


TABLE 2 
Example of Use of Random Codes 


Column 1 2 4 6 6 7 8 9 10 
Punchings 1 6 2 1 2 0 1 1 2 1 
4 8 + 3 2 2 5 3 2 
5 9 7 8 4 4 8 6 
8 9 7 5 8 
8 8 


In this case, 34 punchings are required to represent 
the ten four-digit numbers. Of course, combinations 
of digits and spacing could be developed to require a 
considerably fewer number of punchings if such were 
the object. The figure shows a card punched with the 
above ten random-digit codes and an accompanying 
Dewey-Decimal code. 

It is, of course, obvious that the use of such a code as 
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described above will necessitate a more bulky index of 
code numbers versus subject headings for use of the lit- 
erature searcher than would a consecutively numbered 
system, since the card column location as well as value 
must be specified for each digit of the code. However, 
the random-digit coding system has several advantages 
which outweigh the above objection. They are: 

(1) The random spacing of the punches in the card 
field permits the inclusion of a considerably greater 
number of index headings than the normal consecu- 
tively numbered code for a given permitted weakening 
of the card by means of the punchings. 

(2) A random-digit code is by its very nature free 
of the usual normal fate of a consecutively numbered 
listing—the problem of including items omitted in the 
original coding which fall between consecutively num- 
bered items on the preliminary list. 

(3) Less sorting is required if a single column sorter 
is used since only a maximum of four columns need be 
checked for the random digits to locate any particular 
number, while for the consecutively numbered code a 
number of sorts equivalent to the number of decades 
in the largest number used is necessary. If a multiple 
column sorter such as the IBM Model 101 Statistical 
Machine, or the Model 080 equipped with a multiple 
column selector, is used, this advantage is of course 
of no consequence. 


SORTING 


When an 080 IBM Sorter is used, it is necessary, as 
mentioned previously, to scan the cards four times to 
sort out those having a particular random code number. 
Thus, if it is desired to obtain from a large deck those 
cards having code number 1 of Table 1, 7. e., the digits 
4, 2, 1, 8 in columns 3, 5, 7, and 9, of the random digit 
field, the 080 sorter is first set to sort on column 3; 
thus separating those cards with a 4 punch in this column 
from all other cards. This smaller deck of cards is then 
sorted on column 5 to separate those cards containing 
a2punch. Successive sorting on columns 7 and 9 to 
separate the digits 1 and 8 completes the separation of 
the desired cards. 

When using a sorter with multiple-column sorting 
characteristics, such as the Model 101 Statistical Ma- 
chine, or the 080 Sorter equipped with a multiple column 
selector, the complete sorting operation can be done in 
one machine pass. Both of these machines are equipped 
with a control board whose use permits selection of a 
particular digit in each of several different card columns 
at once. Thus, one would wire the control board to 
select cards with the digits 4 in column 3, 2 in column 
5, lin column 7, and 8 in column 9. Then as the cards 
are passed through the machine, those containing the 
desired combination of punches pass into one machine 
pocket while all others pass into another. The sepa- 


ration is thus completed in a single machine pass. 7, 
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Ix rue titration of an acid by standard alkali the 
graph showing how the pH of the acid solution changes 
with the addition of base may be used to locate the end 
point, which is taken as the mid-point of the portion of 
the curve parallel to the pH axis, or the point where 
the slope of the curve is maximum. The purpose of 
making such a graph is, of course, to guide one in the 
selection of the proper indicator for the particular 
acid titration. The method of determining the pH 
is usually electrometric, originally the hydrogen elec- 
trode, or latterly the glass electrode, being used in 
conjunction with a standard calomel electrode. The 
graphical results of such experiments may be obtained 
by a much simpler method requiring no experience in 
electrical measurements, which therefore could be intro- 
duced early in the course in quantitative analysis. 
This method involves the use of a mixed indicator 
solution, sometimes called a ‘universal’ indicator. 
The curves obtained by the two methods are similar in 
form and practically coincide in the critical range 
between pH 5 to pH 9. The indicator method proves 
to be just as valid as the electrometric in judging which 
individual indicators are suitable for the titration in 
question. 

The universal indicator solution! used in these ex- 
periments consisted of: 


0.05 g 
1 liter 
The colors exhibited by this indicator are: 


The procedure in general was to take 25 ml. of approxi- 
mately 0.1 N acid, add 1 ml. of universal indicator 
and 75 ml. of distilled water, and compare the color with 
that of a buffer solution of known pH containing the 
same proportion of indicator. Sufficient 0.1 N sodium 
hydroxide was then added to bring the color up to that 


1 Smita, T. B., “Analytical Processes,’ Edward Arnold & 
Co., London, 1929, p. 363. 
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of the next unit pH value and the volume of added 
base plotted against this value. Successive portions 
of base were then added to produce the colors shown 
by the buffers of known pH value, proceeding cautiously 
between pH 5 and pH 9 where a drop or two of base 
often was sufficient to raise the pH by one whole unit, 

The buffer solutions used to produce the colors for 
comparison with the unknown solution were mixtures 
of 0.2 M NazHPQ, with 0.1 M citric acid as follows: 


pH Phosphate, ml. Citric acid, ml. 
3 8.22 31.78 
4 15.42 24.58 
5 20.60 19.40 
6 25.26 14.74 
7 32.94 7.06 
8 38.90 1.10 


To each of these was added 0.40 ml. of universal 
indicator. To prepare the buffer for pH 9, 50 ml. was 
taken of a solution which was 0.2 M with respect both 
to H;BO; and KCl, to which was added 21.40 ml. 
of 0.2 M NaOH, the mixture being then diluted to a 
volume of 200 ml.; for pH 10, 50 ml. of the boric acid- 
potassium chloride mixture was added to 43.90 ml. of 
0.2 M NaOH, and diluted to 200 ml. To these two 
solutions, 2 ml. of universal indicator was added. 

Preliminary experiments showed that the titration 
curves for hydrochloric and for acetic acid resembled in 
form the typical curves for a strong acid and weak 
acid as determined by electrometric methods. To 
show their identity the course of the colorimetric ti- 
tration was followed with glass and saturated calomel 
electrodes. The tables and graphs presented here 
show the results obtained with the two indicator systems 
for acetic, succinic, and citric acids, where only one 
inflection point is obtained, and for phosphoric acid 
where two inflection points are to be expected. The 
reverse titration, of sodium carbonate by standard 
HCl, likewise showed close coincidence in the values 
by the two methods. 

Values in Table 1 from a pH of 5 to 11 as found by the 
indicator method, are plotted in Figure 1. This plainly 
shows an inflection point at a pH of 7 and the practical 
identity of the values by the two methods, since the 
electrometric measurements shown as squares on the 
graph were reliable only to one-tenth of a pH unit. 

The more important values in Table 2 are plotted in 
Figure 2. The maximum slope of this curve occurs 
at 24.85 ml. and a pH of 9. A titration using phenol- 
phthalein required 24.90 ml. of base. But any other 
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TABLE 1 
Titration of 25 ml. of 0.0832 N Acetic Acid by 0.1004 NNaOH 


Ml of NaOH Colorimetric pH — Electrometric pH 


0 3 3.3 
4.60 4 4.2 
11.37 5 4.6 
19.15 6 5.8 
20.50 7 7.0 
20.60 8 7.4 
20.70 9 8.9 
21.05 10 9.8 
22.00 11 10.7 


THEORETICAL PH OF .OI7M Na Aa 
MAXIMUM SLOPE 
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Figure 1. Acetic Acid Titration Curve 
(Squares indicate electrometric values) 


indicator changing within the range of a pH of 8 to 
9.5 should prove useful. 

In Table 3 the identity of the pH values by the two 
methods is obvious. The titration should require an 
indicator changing between pH 8 and 9. Two titra- 
tions using phenolphthalein used 30.85 + .05 ml. of 
base showing the neutralization of all three hydrogen 
ions. 

As a more rigorous test of the validity of the indi- 
cator method, titrations of phosphoric acid were car- 
ried out to see if the two inflection points corresponding 
to the neutralization of the first two hydrogen ions 
would appear. Table 4 and Figure 4 show the results. 


TABLE 2 
Titration of 25 ml. of 0.1000 N Succinic Acid by 0.1004 N 
NaOH 


Ml of NaOH Colorimetric pH Electrometric pH 


0 3 3.3 
4.20 4 -3.9 
15.10 5 5.3 
23.00 6 6.2 
24.40 7 7.2 
24.75 8 
24.85 9 ore 
24.90 cee 9.3 
25.00 10 9.5 
26.00 11 10.8 
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Figure 2. Succinic Acid Titration Curve 
(Squares indicate electrometric values) 


There are evidently two maxima in the curve, 
around pH 5 where 6.65 ml. of base were used for neu- 
tralization of the first hydrogen ion and near pH 10 
corresponding to 13.45 ml. for the second hydrogen 
ion. A separate titration with phenolphthalein re- 
quired 13.33 ml. of base. 


A CLASS EXPERIMENT 


With a view to introducing a little of the “research”’ 
attitude into the course in quantitative analysis and to 
illustrate the value of titration curves in deciding what 
indicator should be used for a particular acid-base 


TABLE 3 
Titration of 10 ml. of 0.300 N Citric Acid by 0.0973 N NaOH 


M1. of NaOH Colorimetric pH Electrometric pH 


3 2.5 
12.30 4 4.0 
19.30 5 5.3 
25.40 6 5.8 
29.80 7 7.0 
30.70 8 8.0 
30.80 9 8.5 
30.90 9.0 
31.45 10 9.9 
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Figure 3. Citric Acid Titration Curve 
(Squares indicate electrometric values) 
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TABLE 4 


Titration of 25 ml. of 0.0259 M H;PO, by 0.0973 M NaOH 


MI. of NaOH Colorimetric pH Electrometric pH 
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Figure 4. Phosphoric Acid Titration Curve 
(Squares indicate electrometric values) 


titration, each student was given a different acid and 
told to make 250 ml. of solution approximately 0.1 N. 
Since some of the acids were not soluble to that extent 
in cold water, these were dissolved in 95 per cent ethyl 
alcohol or in hot water to make a concentration re- 
quiring about 25 ml. of standard 0.1 N NaOH. In the 
usual case 25 ml. of the 0.1 N acid was diluted to 100 ml., 
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1 ml. of universal indicator was added, and the titration 
was carried out, adding sufficient base each time to 
change the pH by one unit as shown by the indicato,. 
The comparison buffer solutions were provided by the 
instructor, made up in “wholesale” quantities. From 
the resulting titration curve the student was required 
to select three indicators which might be used to locate 
the end point, and to determine, by titrating, which 
one of these was the best. The indicators supplied 
were bromphenol blue, methyl red, bromcresol purple, 
bromthymol blue, phenol red, cresol red, thymol. 
phthalein, and thymol blue. The use of methyl orange 
or phenolphthalein was discouraged since one of the 
minor objectives of the experiment was to de-emphasize 
these two indicators. 

Curves showing unmistakable inflection points 
were obtained for the following acids: 


Acid 
Trichloroacetic 
Dichloroacetic 
Salicylic 
Formic 
Lactic 
Benzoic 


The curves for phthalic acid, Ki; = 13 X 107 
and tartaric acid, K; = 1.1 X 10-*, showed a vertical 
portion in the curve only after neutralization of the 
second hydrogen ion, pH 8-9 for the former and pH 
7-9 for the latter. Boric acid, Ki; = 6.4 X 107% 
with 25 ml. of glycerol added to 25 ml. of 0.1000 M 
solution showed a maximum slope between pH 8-9 
corresponding to 24.06 ml. and 24.60 ml. of 0.104 
N NaOH; the theoretical volume for the first hydrogen 
is 23.97 ml. of base. A titration with phenol red (7.0- 
7.4) required 23.83 ml., with cresol red (7.6-8.2) 
24.02 ml. and with phenolphthalein 24.03 ml. of base. 

For comparison with the experimental curve it is 
of value to plot the theoretical graph. For weak mono 
basic acids the ionization constant will yield the initial 
pH, the hydrolysis formula for the salt will give the 
pH at the stoichiometric point, and for intermediate 
points the equation 


(salt) 
(acid) 
will serve the purpose. This correlation of experi- 


ment and theory arouses considerable interest on the 
part of the student; it is not just another recipe. 


pH = pK, + log 


CHEMISTRY WORKSHOP 


The third annual “workshop” for general chemistry will be held from June 11 to 21 at 
Oklahoma A & M College, Stillwater, Oklahoma. It is again under the auspices of the Division’s 
Committee on the Teaching of Chemistry, of which Dr. O. M. Smith is chairman. Further 


details will be announced later. 
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Raymonp (Marie Florent) Delaby well merits his 
international reputation for two reasons: his competent 
conduct of the general-secretaryship of the Inter- 
national Union of Chemistry, and his excellent research 
studies in the fields of organic, pharmaceutical, and 
analytical chemistry. 

Born at Lens (Pas de Calais) on September 20, 1891, 
his scientific training was begun at the Faculty of 
Medicine and Pharmacy in Lille, where he was assist- 
ant 1912-13. The pharmacien degree was obtained in 
1913. Shortly after the outbreak of World War I he 
volunteered for active duty. He was gassed at Verdun 
in 1916 and after his recovery was appointed chef du 
laboratoire de toxicologie. The Croix de Guerre was 
awarded in 1916. At present he holds the rank of 
pharmacien commandant de reserve. 

After the war he continued his education at Paris 
and received his docteur és sciences physiques at the 
Sorbonne in 1923. Having now resolved to enter the 
teaching profession, he qualified as agrégé (teaching 
fellow) at the Faculté de Pharmacie in 1926. In 1937 
he was appointed professor of analytical chemistry in 
this school and in 1940 exchanged this chair for his 
present post, professor of pharmaceutical chemistry. 
He has been an outstanding teacher, both for elemen- 
tary and advanced students. He worked out new spot- 
detection methods for arsenic, antimony, and tin, and 
in line with this interest with the collaboration of J. A. 
Gautier, he composed the well-known “Analyse qual- 
itative minérale a l’aide des stilliréactions” (2nd ed. 
1949). 

Delaby did his doctorate work under Marcel Delé- 
pine,! who suggested as a thesis topic a study of the 
homologues of glycerol in the acyclic and heterocyclic 
series. The organo-magnesium compounds were con- 
densed with acrolein, and the resulting vinyl alcoyl 
carbinols were then converted to the glycerols via the 
bromhydrins. Delaby prepared derivatives of these 
new compounds, and also used them in the classic 
Skraup synthesis to arrive at new quinolinic derivatives. 
The section “Triols et leurs derivés,” in Grignard’s 
“Traité de chimie organique” was logically entrusted 
to Delaby. 

Selected examples from his many research projects 
will demonstrate the caliber of the work that has come 
from his laboratory. Straight chain a, 6-ethylenic alde- 
hydes were prepared through the isomerization of 
vinylaryl and vinylaracoyl carbinols into 8-homoacro- 


RAYMOND DELABY 


CLEMENT DUVAL 
University of Paris, Paris, France 
RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


1 Oxsper, R. E., J. Cem. Epuc., 27, 567 (1950). 
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leins. With J. Lecomte he studied the infrared absorp- 
tion spectra of about 60 ethylenic derivatives which he 
had prepared. He confirmed the existence of saro- 
thamnine, a satellite alkaloid of spartein, whose consti- 
tution he had clarified. 

He investigated the group sulfamides-amidines from 
the pharmacological viewpoint, and dealt with p-sulfa- 
midobenzamide in particular. With R. Charonnat he 
prepared dioxypyramidone (a-methyl-a-acetyl-8-di- 
methyloxamyl-8-phenylhydrazine) and proved that 
though less toxic than pyramidone its analgesic prop- 
erties are just as good. 

In the field of organic analysis he and Y. Breugnot 
developed a new method for determining the acetyl 
index, namely acetylation in pyridine. The deter- 
mination of streptomycin by means of periodic acid was 
worked out in his laboratory. 

He, Charonnat, and M. Janot made an extended study ~ 
of the radioactivity of the mineral waters of the eastern 
parts of France. Those coming from the Ballon d’- 
Alsace, the highest peak in the Vosges mountains, were 
found to be the most active. He has directed an 
excellent scientific film, ‘‘Vichy, capitale thermale.” 


Raymond Delaby 


He has been a member of the Higher Council for 
Scientific Research since 1939. As inspecteur genéral 
des établissements classés insalubres, and also as prés- 
ident du comité consultatif des éablissements classés, 
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he devoted much of his time and energy to safeguarding 
the public health in Paris where the multiplicity of manu- 
facturing establishments constitutes a serious problem. 

Professor Delaby served as secretary-general of the 
Société chimique de France for 13 years. In 1947 he 
was unanimously elected to the presidency of this im- 
portant organization. Since 1945 he has been secre- 
tary-general of the Fédération Nationale des Associa- 
tions de Chimie en France. He has held the distin- 


JOURNAL OF CHEMICAL EDUCATION, 


guished post of secretary-general of the Internationa] 
Union of Chemistry since 1945. After the close of the 
World War II, he again organized its various activities 
and had a prominent part in arranging the London 
(1949) and the New York (1951) meetings. 

His services have been recognized by the award of 
many prizes, including the Lavoisier Medal. He is g 
member of the Académie de Médecine. In 1949 he was 
made officier of the Legion of Honor. 


CHEMIST 


Ir 1s well known that jobs for chemists are becoming 
more plentiful in these days of industrial expansion. 
Nevertheless, it still takes work on your part to find 
the specific kind of job you went. You can lessen the 
problem by organizing the many specialized job-hunting 
techniques into a campaign made to suit your specific 
case. Whether you are a graduating student, an 
unemployed chemist, or one looking for a better job, 
you would want to find the answer to three questions: 
(1) What openings exist now or in the near future? 
(2) Which should I look into? and (3) How should I 
go about it? 


WHAT OPENINGS EXIST? 


Your best source of information on what openings ex- 
ist now or may exist are the technical periodicals. 
Chemical and Engineering News is your best starting 
point, for not only does it advertise jobs available and 
wanted but it indicates future trends. The trends 
and activities of companies are revealed by studies of 
the editorial, news, financial, and advertising aspects 
of the magazine. In addition to that magazine there 
are others which have want ad columns and business 
information. There are general magazines like Chemi- 
cal Engineering, Chemical Industries, The Chemist, 
and Chemical Engineering Progress. You will also 
find specialized magazines like American Ceramic 
Society Bulletin, The Journal of American Oil Chemists 
Society, Soap and Sanitary Chemicals, American Per- 
Sumer and Essential Oil Review, Rubber Age, Modern 


* TECHNIQUES OF JOB HUNTING FOR THE 
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Plastics, Metals Review, Food Industries, Instruments, 
Journal of the Electrochemical Society, American Dye- 
stuff Reporter, Textile World, and The Paper and Trade 
Journal. 

In newspapers you will find classified advertisement 
listings of both private industry and agencies. From 
technical agency listings you can become acquainted 
with the trends and salary ranges in the various special- 
ties. By studying business trends in the financial 
section you gain ideas of future needs. Furthermore, 
in the Sunday financial section of a large paper such as 
the New York Times you will find additional job open- 
ings listed, usually of an administrative and specialized 
type. 

If you are interested in government employment, 
there are numerous agencies that can be contacted. 
Federal organizations such as the Bureau of Standards, 
Department of Agriculture, Department of Public 
Health, Air Force Cambridge Research Laboratories, 
Army Chemical Center, Naval Ordnance, and other 
ordnance laboratories employ many chemists. The 
Army and Navy maintain civilian agencies for scientific 
personnel at Washington, D. C., such as the Office 
of Naval Research and the Employment Coordinator 
of the Army. State, county, and city laboratories 
are another group within the civil service category. 
You can contact the laboratories directly or obtain civil 
service announcements and blanks at all important 
post offices. Remember, however, that it may take 


more than a year after application before an offer is- 
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made. It is always worth while, however, to procure 
a civil service rating so that you have an idea of your 
worth according to their standards. You can also 
file applications at the Atomic Energy Commission, 
Washington, D. C., which will relay copies of the ap- 
plications to its various installations. 

Another important source of job openings is the 
Ameircan Chemical Society clearing house procedure. 
This has become an integral part of all national meetings 
and some local ones. Employees are personally inter- 
viewed by employers, which is an ideal situation for 
all concerned. You can also file applications by mail 
at clearing houses maintained at Chicago, New York, 
and Washington, where employers can see them and 
contact you. 

Still another source of jobs lies in the use of govern- 
ment, private, or school agencies. Private agencies 
in large cities have good listings and are in contact 
with many employers. They can find jobs for you 
providing you are willing to give a large proportion 
of your first month’s salary. Pick out technical types 
of agencies and file applications at their offices. They 
not only advertise available openings but circulate 
lists of available employees to prospective employers. 
Particulary if you are an unemployed chemist, the 
United States employment agency and school alumni 
office might be of considerable assistance to you. 

There are various listings that supply mformation 
on laboratories that have potential openings. One 
excellent book is ‘Industrial Research Laboratories of 
the United States,” 9th ed., 1950. This book classifies 
laboratories as to type of product manufactured, type 
of laboratory, location, number of chemists employed, 
and persons in charge. Other catalogues include 
“Chemical Industries Buyer’s Guide,” ‘Chemical Engi- 
neering Catalogue,” business and industrial directories 
of the various states and cities, specialized industry 
catalogues, and McGraw-Hill special mailing lists. 


WHICH OPENINGS SHOULD I LOOK INTO? 


You now have before you lists of definite job 
openings and potential employers. The next problem 
is to decide which to approach first. You might con- 
sider type of organization, size, and location. Do you 
want to work for an industrial, government, or academic 
Organization? If you are interested in an industrial 
company you might consider research, production, 
development, consulting, administrative, editorial, or 
sales types of positions. In government employment 
your work might be of a research, service, or adminis- 
trative nature. If your interest is in an academic 
institution, you might consider teaching, graduate 
study, or research. 

Of course, coupled with your interest in a type of 
work, should be your ability to do that work. Try 
to make an honest appraisal of what you are capable 
of doing to assure that you don’t place yourself in a 
position where you hinder yourself in advancing. You 
may find it not too difficult to find the kind of positon 
you want, but to hold and advance in that job requires 
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more than interest and ambition. In attempting to 
appraise your abilities you might find it helpful to con- 
sult your former teachers, supervisors, co-workers, 
friends, and vocational and personnel experts. Psy- 
chological testing of aptitudes as given at schools, 
the Veteran’s Administration and by private concerns 
would yield much valuable information on the subject. 
Another good source of information is the reading of 
articles on the subject in Chemical and Engineering 
News, The Chemist, and JouRNAL OF CHEMICAL Epuca- 
TION. 

As to the size of the company, small and large organi- 
zations each have their merits. In the small company 
you may stand out more, advance more readily if you 
are good, and your duties may be of greater variety than 
in a large company. In the large company you may be 
in a more stable type of organization with large company 
benefits such as low-cost group insurance, good pension 
and hospitalization plans. Also, in the large company 
there may be more opportunity for specialization and 
research and the facilities and equipment may be more 
adequate than in a small company. 

Concerning location, you might consider local in- 
dustry or out-of-town industry. A position for local 
industry can be obtained more quickly since you can 
utilize techniques like the telephone and personal 
interviews. On the other hand, as an out-of-town 
seeker you would be screened first by mail correspond- 
ence. 

You might also consider the advantages of a small 
town or large city. In the small town the cost of living 
may be relatively low and the environment healthier but 
the social, cultural, and educational facilities may be lim- 
ited as compared to the large city. 


CONTACTING THE EMPLOYER 


Now that you know where to look for possible open- 
ings and what type of position you want, plan an effi- 
cient program of job seeking. As a student or em- 
ployed chemist you would probably have more time 
available for investigating the possibilities than the un- 
employed chemist. The program then is different for 
each situation. But before going into this, a few hints 
are in order on three major job-hunting techniques: 
the writing of the advertisement, the letter, and the 
interview. 

In writing your advertisement in a magazine, gain the 
interest of the employer by using a selling phrase to con- 
vey the thought that you can offer the employer some- 
thing he needs. You can gain ideas by noting the 
wording of large company advertisements of job open- 
ings. 

In writing a letter you must keep in mind that your 
success in being called for an interview will depend not 
only on what you have to offer but on how you present 
your information. In over-all appearance, for example, 
the letter should be in an easily opened standard en- 
velope, neatly typed (or handwritten if quite legible) 
with sufficient paragraphs to break up the monotony of 
solid writing. Summaries of personal data, education, 
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and experience should be stated in an outline form, pref- 
erably on a separate sheet. In the contents of the first 
letter use an opening and closing that are not common- 
place. Right from the beginning endeavor to make 
your letter stand out by stating your purpose in writing 
in a saleslike, honest manner. Give a complete sum- 
mary of experience, a good photograph, and references 
in the first letter. Indicate that you have something to 
offer the employer by being specific in your statements 
of pertinent training and experience. In general you 
should avoid generalities, unessentials, apologies, monot- 
ony, and hackneyed statements. Don’t seek sympathy 
from the employer or put him under any obligation. 
Remember, the purpose of your letter is to gain the em- 
ployer’s interest in you so that he will want to meet you 
and talk further. 

If you are going to send letters to a large number of 
prospective employers it might be wise to consider 
some time savers. Of course, your letter to the most 
important employers should be composed to cater to 
his specific wants. However, for the balance of the 
prospective employers—those of secondary impor- 
tance—considerable time can be saved by using copy 
methods. The important thing here is to have a good 
form letter to start with and to reproduce it so that it 
looks as if it was typewritten. You might consider 
Multigraph, Multilith, Hoover, Letter press, or Flat- 
bed press methods. The latter three are the most simi- 
lar to the typewritten characters and you can type in 
individual addresses if you have a ribbon similar to the 
one used on the machine. An expert can fill in ad- 
dresses on any of these that will pass as a pure type- 
written letter. Signatures can be made on a woodcut or 
a metal plate, although the former is sometimes more 
natural in appearance. The important thing to re- 
member in this type of copy work is the advantage of 
time saving and extensive coverage of prospects—and 
this is especially useful in seeking positions of a general 
nature. However, if you are applying for a specialized 
type of work in a particularly desirable organization 
the extra time spent in designing an individual letter for 
the specific employer is by far the best method to use. 

Assuming your letter has brought you an interview, 
you can prepare certain questions beforehand. If you 
know who is going to interview you, a knowledge of the 
man’s special interests might be of benefit to you during 
your discussion. Sometimes you can gain such infor- 
mation from “American Men of Science” or other 
“who’s who” type of book. You should also be ac- 
quainted with the company’s products, activities, eco- 
nomic status, and competitive position. For sources of 
information use the periodicals and buyer’s guide cata- 
logues. By expressing interest in the company you can 
make a better impression on the interviewer. You too, 
however, can make good use of the interview by pre- 
paring beforehand a series of questions designed to reveal 
the nature of the job and the salary in terms of oppor- 
tunity and risk of short-term employment. 

With these techniques in mind let us consider first 
the specific program of the student. As a student, you 
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will be made aware of various openings through schoo] 
interviews with. prospective employers, but you can go 
far beyond this. For government employment apply g 
year before graduation. For all types of positions yoy 
can gain much by attending the employment Clearing 
house of American Chemical Society meetings. Several 
months before graduation put your advertisement jp 
Chemical and Engineering News, file applications at the 
American Chemical Society clearing house centers, be. 
gin answering ads and writing letters. Keep in mind 
the hints on ads and letters given earlier in this article, 
If all these things are done, you will be able to make 
your decision in time for graduation. 

As an unemployed chemist your most speedy methods 
are advertisement answering, making phone calls and 
paying personal visits to local companies, United States 
and private agencies, school alumni offices, and meeting 
clearing houses. By far the most rapid method of all jg 
the personal visit to the company, seeing the right man, 
and filling out the necessary blanks while there. By 
looking through the book, “Industrial Research Labo- 
ratories of the United States,” and some of the special 
lists available, you can sometimes find out who is the 
right mafi.. When you see this man make good use of 
your time with him, keeping in mind the hints on inter- 


views given earlier in this article. Remember, the in- 
terview is the most important step in getting the job. ] 
Since any other method used will ultimately end up as 
the personal interview, the earliest use of this tech- 
nique is advisable. 

If you are an employed chemist seeking a better 
position, you can usually take your time and do a more 
thorough job. All of the methods mentioned pre 
viously should be used but the stress is usually upon 
ads and letters. If you wish to keep your job hunting 
confidential, then interviews would have to be arranged 
evenings, on week ends, or on vacations. However, 
you might find it more advantageous to let your present 
supervisor know of your intentions. In that way you 
can take leaves of absence, deductions from vacations, 
and attend employment clearing houses at meetings 
Your employer may be able to give you some very good 
ideas on possible openings. Furthermore, letting your 
employer know of your intentions is desirable when he 
is called upon to write a reference, which is usually the 
ease. For thoroughness, you can undertake a si 
months’ campaign of placing ads, answering ads, writing 
many letters, contacting people personally, and visiting} 
the various types of agencies. By the end of that time 
you will know whether you can better yourself else 
where. 

In summary, if you make a careful and serious search 
for 3, job, taking the time to exploit each of the ap 
propriate approaches, you will surely have some grati- 
fying results. Consider it as a scientific project i 


which you are trying to find where your abilities, hor 
estly appraised, can be utilized with greatest advat- 
tage. Your aim should be to find an organization 
where you can grow in professional status because d 
your advantage to the company. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


THIRD ANNUAL MEETING 


Tue Pacific Southwest Association of Chemistry 
Teachers held its third annual meeting in San Francisco 
on November 2 and 3, 1951. The theme for the two- 
day period centered around “More effective science 
teaching in our colleges.’’ 

Dr. Howard Benninghoff, City College of San 
Francisco and President-elect of the Northern Section, 
acted as Program Chairman. The opening session 
was a dinner meeting at which Dr. Harry Redeker, 
President of the Northern Section, presided. Dr. N. E. 
Ballou of the Hunter’s Point Radiation Laboratory 
spoke on “Recent developments in nuclear chemistry”’ 
and stressed material of this nature which could be 
incorporated into a college freshman or high-school 
chemistry course. 

At the Saturday meeting, held at the City College 
of San Francisco, Dr. Redeker introduced the members 
of a panel who spoke on the topic, ‘‘Effective science 
teaching in our colleges.’ Members participating 
were: Dr. Howard Benninghoff, panel chairman; 
Dr. John Wise, Stanford University; Dr. Bentley 
Edwards, Chico State College, who presented the 
findings of the A. C. S. Oklahoma Workshop pertinent 
to this discussion; Dr. P. Victor Peterson, President 
of Long Beach State College, who represented the views 
held by the State Department of Education; Dr. 
Robert Stollberg, San Francisco State College; and 
Dr. L. Lykken, Shell Development Company. 

Dr. Peterson, told of the “formula”? which he used 
in making the final selection of a staff member. The 
prospective teacher must be basically well trained in 
chemistry and he must “like kids.”’ Dr. John Wise 
followed and stressed the value of a good foundation 
in mathematics in grasping the basic fundamentals 
in college chemistry. 

Dr. Stollberg announced that he wished to take the 
liberty of rewording the topic to read, “Effect of science 
teaching in the colleges.’’ The high-school teacher, 
under many pressures, is confronted with a variety 
of aims in teaching chemistry: social relationships, 
clear and logical thinking, personality development, 
personal adjustment of the student, development of 
student initiative, facts and fundamentals of chemistry 
preparation for later specialization in science, or gearing 
the course to the majority of nonchemistry majors. 

Dr. Lykken concluded the panel presentation by 
listing numerous characteristics in which industry 
is interested when selecting chemists. 

In the general discussion, preparation in physics 


and mathematics was considered much more important 
than high-school chemistry. 

The afternoon program, with Dr. Richard Wistar 
of Mills College and Association Treasurer presiding, 
consisted of the following papers. 

Dr. John Wise, Stanford University, in his paper, 
“Teaching equilibrium constants in qualitative analy- 
sis,’’ objected to the usual method of deriving the 
equilibrium constant expression from a discussion of the 
reaction rates of the reactants and the products be- 
cause most reactions are not as simple as this deriva- 
tion assumes. He recommended the presentation of 
the expression as a statement of the findings of experi- 
mental work. For second-year qualitative analysis 
he recommended the inclusion of work with equilibrium 
constants for oxidation-reduction reactions by the 
method outlined in Hogness and Johnson, “Chemical 
Equilibrium and Qualitative Analysis.” 

Dr. Norman Lofgren, Chico State College, presented 
a paper, “An experiment in the problem approach to 
teaching of college chemistry,” in which he told of a 
course developed at Chico based upon the interest and 
initiative of the students who work on individual 
problems selected from each of five general topics. 
He illustrated his talk with slides taken from topics 
of the course, such as “Solutions.” The chief difficulty 
encountered in presenting a course of this nature was 
its evaluation, but it was felt by the speaker that the 
students learned as much chemistry as in the regular 
course. 

Mr. Rae Schwenk, Sacramento Junior College, choos- 
ing a “Salesmanship”’ topic, stressed the point that 
‘we cannot sell chemistry unless we are sold on being 
chemistry teachers.”’ 

Mr. Raymond Martin, Sacramento Junior College, 
discussing “An effective method of teaching pH calcula- 
tion,’’ explained new teaching devices. The students 
first learn the logs to two places for three prime numbers 
2, 3, and 7, and calculate others from these as needed. 
Students soon become able by this method to find pH 
by mental calculations. 

Dr. Arthur Furst, University of San Francisco, 
described ‘‘A course in chemical literature.’’ In this 
course, students are instructed in how to make the best 
use of library facilities, to find the most authentic 
sources on a given subject, to collect pertinent data, 
and to write the results in acceptable form for publica- 
tion. Several students have had papers published, 
which were worked up in this course. 
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Fora long time the general course in freshman chemis- 
try has been becoming more theoretical and less factual. 
No longer is it believed desirable to stuff students full 
of facts as a turkey is filled with stuffing. The student 
needs facts, but only enough to enable him to think 
about theories. He needs theories so that he does not 
need to know so many facts. If a student is asked 
“What are the probable valences of astatine?” he does 
not have to go to the laboratory to find out. He can 
make a reasonably good guess from the position of 
element 85 among the halogens in the periodic table. 
If he is asked “What are the valences of tungsten?” 
he may not be able to predict these so readily, but it 
is still conceivable that he will predict some of the valen- 
ces of tungsten from his knowledge of chromium with 
reasonably good results. The periodic table thus 
permits a certain amount of deductive reasoning, and 
the student gradually learns what can be deduced 
from it. 

Many physical and chemical properties of substances 
are, however, not dependent alone upon the location 
of the constituent elements in the periodic table. The 
shapes of the “molecules” are also very important. 
This is a neglected subject in general chemistry and 
should no longer be omitted. 

A new book has just appeared by Walter Hiickel— 
now available in English translation—with the title 
“Structural Chemistry of Inorganic Compounds.’”? 
The preface states, “This work attempts to furnish 
inorganic chemistry with that which organic chemistry 
has long possessed as a basis for its systematization, 
namely, a structural and constitutional theory in one 
embracing representation. This simultaneously points 
the way to a systematization of inorganic compounds, 
which, other than that based upon a classification ac- 


1 Presented at the 13th Summer Conference of the New Eng- 
land Association of Chemistry Teachers, University of Rhode 
Island, Kingston, R. I., August 21, 1951, as part of a Symposium 
on the Content of the General Chemistry Course. 

2 Elsevier Publishing Co., New York, 1950. Translated by 
L. H. Lona. 
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EFFECTS OF MOLECULAR SHAPES' 


LAURENCE FOSTER 
Watertown Arsenal Laboratory, Watertown, 
Massachusetts 


cording to the elements, is founded upon the properties 
that are governed by constitutional peculiarities. 

“The perspective obtained thereby is quite different 
in nature from that which results when inorganic chemis- 
try is treated element for element.... It should.... 
be clear that a correctly drawn up inorganic structural 
chemistry, taken in conjunction with the organic, 
provides a magnificent and internally consistent over- 
all picture of the structure and constitution of matter,” 

To point out rather dramatically the difference that 
structure may introduce into molecules, consider the 
two simple and comparable substances, CO2 and SiOs. 

Carbon and silicon are in the same periodic group: 
both have a valence of four in these compounds, 
Carbonates, with the —CO; radical are similar to meta- 
silicates with the —SiO; group; yet how different the 
two simple substances CO, and SiO, appear to be! 
The differences are directly related to differences in 
structure. The existence of the carbonate radical, 
CO;-~, shows that there is room for three oxygen atoms 
around the carbon atom. The SiO; metasilicate radi- 
cal has a similar structure, but there is also the ortho- 
silicate radical, Si0,—~—, that shows the silicon atom to be 
large enough to become surrounded by four oxygen 
atoms. No orthocarbonate is known. The carbon atom 
is too small to hold four oxygen atoms. A slight dif- 
ference in size of the two atoms, silicon and carbon, is 
the only apparent difference between them. This, 
however, is enough to explain the difference between 
the two compounds, COz and SiOz. In solid silicon 
dioxide there is room enough to have each silicon atom 
bonded to four oxygen atoms in a tetrahedral arrange 
ment and a giant molecule of SiO with a melting point of 
1700°C. forms. CO, cannot be bonded together simi- 


larly, so it forms only a weakly bonded solid that sub 
limes at —78°C. The problem is actually a little 
more complicated than this. 
CO, are linear: 
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The Si02 molecule on the other hand, when formed into 
a giant molecule, no longer has a linear configuration, 
but consists of SiO, tetrahedra linked together so that 
every oxygen atom is common to two tetrahedra 
(thus retaining the SiO. composition). 

The difference between CO, and SiO, is not direcily 
a result of the electronic configuration but in spite of 
it, By rights, CO. should not have a linear config- 
uration, but due to repulsion of the oxygen ions for 
each other a linear molecule results. 

Another example shows again the importance of 
molecular shape. This example probably makes the 
difference between life on the planet Earth or the lack 
ofit. The example is water, which has an extraordinar- 
ily high melting point and boiling point. Water is 
also unusual in that its ice is less dense than the liquid; 
ice floats on top of ponds instead of sinking to the bot- 
tom. Of all the simple hydrides of the subgroup B 
elements, water has by far the highest boiling point.* 
Instead of being a gas like methane, it boils nearly 


300° higher than methane. Methane has a symmetrical 
shape: 
H 
H:C:H 
H 


Water might be thought also to have a symmetrical 
shape: H—O—H, but numerous laboratory experi- 
ments show that this cannot beso. The water molecule 
is bent with an angle of 105° between the two hydrogen- 
oxygen bonds. 


Recently the location of the hydrogen atoms in ice 
has been settled by neutron bombardment experiments. 
Because of too feeble scattering by protons, electron 
diffraction and X-ray diffraction experiments do not 
reveal the hydrogen, but neutrons give their location 
easily. 

Laboriously, over a long period of time, scientists 
have evolved ideas concerning the geometric shapes of 
inorganic structures. For example, the four mole- 
cules of ammonia around the copper ion in the complex 
ion, (Cu (NH3),] °°, are at the corners of a square instead 
of being at the corners of a tetrahedron. The water 
molecules in [Cu (H:O),]+* are also at the corners of a 
square. The other water molecule in CuSO,-5H:0 is 
attached to the SO, radical. With nickel the 4NH; 
molecules can be either in a square or in a tetrahedron; 
When in a square the complex is red, and when in a 
tetrahedron, the color is blue-green. 

It is seen, thus, that while the primary valence deter- 
mines the stoichiometric formula, the properties depend 
also upon the structural relationships. In fact, struc- 
ture may even determine which valence is exhibited. 


+See the chart in Pauttne, L., “General Chemistry,” W. H. 
Freeman and Co., San Francisco, 1947, p. 271. 
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What is the explanation of these various structures? 


A good theory has been evolved based on the arrange- 
ment of the electrons around the nuclei of the various 
atoms. 
tures, electrons are classified as s, p, d, and f. 


As you will see from a table of atomic struc- 


The p orbitals evidently have a preferred orientation 


in space, along lines at right angles to each other, where- 
as s orbitals have no preferred orientation. 
basic information it is possible to explain the molecular 
shapes after both s and p electrons are used in making 
bonds, and a process called “hybridization” occurs. Let 
us illustrate this by an example. 


With this 


The structure of oxygen is 


8 sp 
® 2) 2,4 


There are two covalent bonds to an oxygen atom in 


water, and the oxygen atom makes use of two p orbitals 
to bind the hydrogen atoms. Since two p orbitals 
arrange themselves at right angles, the two bonds should 
be at right angles, but are 105° instead of 90°, because 
of the repulsion of the protons for each other. Hydro- 
gen sulfide also has this structure, but the angle is 
92°, the proton repulsion being less. 

The CO: molecule uses all the valence electrons of 
the carbon atom 

@ 2) 2,3 
The result is a hybrid bond involving use of both s 
and p electrons —since the s orbital has no directional 
property, it points away from the p orbital and we 
get an angle of 180° between the bonds, that is a linear 
molecule. 

When there are four covalent bonds they may point 
towards the corner of a square or towards those of a 
tetrahedron. The tetrahedral arrangement, as in 
methane, arises from the use of three p orbitals and one 
s orbital: the square arrangement involves the use of 
one s, two p, and one d orbital. This is what causes 
the four molecules of water in the hydrated cupric 
ion to have this arrangement. 

The table shows a summary of these arrangements. 


Electronic 
Number of orbitals Spacial 
covalences involved arrangement Examples 
2 8,p linear Co: 
d, p linear 
3 8, Pp, Pp trigonal plane BC1;, CO;-— 
P trigonal pyramid NH;, PH; 
8, unsymmetrical plane 
4 8, P, P, Pp tetrahedral CH;,SnCl, 
d, 8, p, p square plane {Cu(H.0),)** 
5 d, s, p, p, p bipyramid PF;, MoCl, 
d, d, s, p, p square pyramid IF; 
6 d, d, s, p, p octahedron SF., [PtCl.]-~ 
8 d, d, d, d, s, 
P,P dodecahedron {Mo(CN )s]~* 


The electrons may be promoted from a lower shell to 

accomplish the necessary electronic configuration. 
The methods used for detecting the structure are 

both physical and chemical and are too complicated 


| 
H H 
ow 
bn 
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for examination at thistime. The classical methods of 
determining the physical properties—melting point, 
boiling point, solubilities, molecular weights, electrical 
conductivities, and magnetic properties—give clues to 
differences in structure, information as to presence of 
covalent or ionic type bonds, and the kind of symmetry. 
Ferric chloride has a molecular weight corresponding 
to the formula Fe:Cle. What is the structure? The 
diagram gives a partial answer. 


Cl Cl Cl 


cl 


The important point to be emphasized is that the chemi- 
cal and physical properties depend upon the structure, 
and a satisfactory explanation for many seeming ir- 
regularities in behavior can only be explained by ref- 
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erence to the structure of the molecules or of the 
crystal. It is recommended that in high-school gnq 
freshman courses more attention be given to simple 
cases, such as the anomalous properties of water and 
ammonia, to show the strong influence that the stry. 
tural factors have. 
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To the Editor: 


Dr. E. 8. Cook (J. Cuem. Epuc., 28, 597 (1951)) has 
made a stimulating contribution to the discussion of re- 
search in liberal arts colleges. For those of us who 
have been wrestling intimately with the problem this 
objective treatment is heartening. 


© 


The fact remains, however, that those engaged in 
teaching im liberal arts colleges are themselves slow in 
improving the situation. A check of Chemical Abstracts 
for the last 18 months (July, 1950 to December, 1951) 
to determine the volume of research produced in the 


South discloses that liberal arts colleges remain in the 
class of “one-percenters.”” The scores of such insti- 
tutions in 15 southern states account for only 35 of the 
3168 articles abstracted by this key to the world’s 
chemical literature. 

This latest survey broadens the “extremely narrow’ 
basis for estimating the productive capacity of liberal 
arts colleges, but it does not brighten the picture. 


Joun R. SAMPEY 
FURMAN UNIVERSITY 
GREENVILLE, SOUTH CAROLINA 


LABORATORY MANUAL OF ELEMENTARY OR- 
GANIC CHEMISTRY 


George Holmes Richter, Professor of Organic Chemistry and 
Dean, The Rice Institute. Second edition. John Wiley & Sons, 
Inc., New York, 1951. ix + 146 pp. 12 figs. 7 tables. 23.5 
15.5 cm. $1.80. 


THE revision of this well-known laboratory manual maintains 
the objectives of its predecessor in that it is designed for students 
“required to take an elementary course in organic chemistry 
but specializing in the biological sciences.’”’ Accordingly, 


the experiments have been selected by Professor Richter 
“to illustrate the principal reactions and techniques of organit 
laboratory practice and their applications to products which 
hold some interest to medicine.”’ 

This edition differs from its excellent predecessor in containing 
as additional experiments the preparation of trimethylent 
bromide, camphor, benzoic acid, DDT, sodium benzene 
sulfonate, hippuric acid, chlorobenzene, 2-methy]-1,4-naphtho 
quinone, and phenthiazine. These have been included to 


provide “alternative selections or intermediates in other prep® 
In addition, the procedures in other experiments 


rations.” 
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have been modified “‘to simplify the technique or improve the 
yield.” A pedagogically valuable innovation is the pertinent 
questions at the end of each experiment. 

The reviewer tested several of these experiments by assigning 
them to premedical students in his organic chemistry course. 
These students found the directions clear and obtained the 
apected quantities of products of good quality. The experi- 
ments in this manual are judiciously selected from the point 
of view of illustrating the principles of organic chemistry. 
The simple and ‘‘warm”’ style of the author reflects considerable 
experience in teaching this subject. 

This manual will be welcomed by those teachers of organic 
chemistry who favor an introductory group of experiments 
on the principal laboratory techniques. It will also please 
those who prefer functional experiments inasmuch as each of 
these technique experiments employs compounds of some 
biological interest, e. g., steam distillation of eugenol from cloves, 
melting point of acetanilide and antipyrine, and extraction of 
trimyristin from nutmeg. Another feature which should 
prove stimulating to students is the brief discussion of the 
applications of the compounds which is appended to each syn- 
thesis. 

Inasmuch as micro and semimicro techniques have become 
increasingly important in the biological sciences several experi- 
ments should be included to illustrate these methods. Another 
suggestion is the inclusion in the student’s laboratory report 
of a flow sheet for each synthesis experiment as a device for 
teaching both side-reactions and the principles involved in 
purifying organic compounds. 

With the exception of these few minor omissions this labora- 
tory manual represents a high standard of pedagogical achieve- 
ment and is enthusiastically recommended by the reviewer. 


JACOB G. SHAREFKIN 
BrooxLYN CoLLEGE 
Brooxtyn, New 


THE PLANT GLYCOSIDES 


R. J. McIlroy, Professor of Chemistry, University College, Ibadan, 
Nigeria, West Africa. Edward Arnold & Co., London, 1951. 


138 pp. 2tables. 14.5 X 22.5cm. $3.25. 


Tuts book is a brief survey of most of the important plant 
glycosides, arranged, so far as is possible, according to the 
chemical nature of the aglycon. It should prove to be a useful 
reference source, especially in view of the fact that it carries 
the survey to a much more recent point than existing mono- 
graphs—in particular Klein’s classic “Handbuch.” 

The book would have been of greater value had the author 
included such details as the molecular formulas, particularly 
of those glycosides the constitutions of which have not yet 
been elucidated; and the more important properties—especi- 
ally color, solubilities, and characteristic derivatives—of the 
compounds mentioned. Such information would not add 
greatly to the bulk of what was clearly intended to be a short 
monograph. 

Attention must be called to numerous errors of fact, especi- 
ally in the discussion of flavones, which are not “soluble in 
dilute mineral acids,” are not all precipitated by lead acetate 
and whose pyrilium salts do not have the structure given for 
them. Certain minor errors in nomenclature (syringenin), 
typography (choline, “‘Agare’’ for ““Agave’’), and an occasional 
uncritical reporting of, for example, color reactions which do 
not have the specificity attributed to them, and of the physi- 
ological effects of ‘‘vitamin P,” are also to be noted. 

The book will be a useful one for those who are interested in 
the chemical substances found in plants, and its brevity will 
probably not detract greatly from its value because the liter- 
ature references are sufficiently numerous and well-selected to 
facilitate access to the original publications. It is to be hoped 
that the author will present revised editions from time to time 
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and thereby offer a focal point for this rather diffuse area of 
investigation. 


T. A. GEISSMAN 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


CHAMBER’S DICTIONARY OF SCIENTISTS 


A. V. Howard. E. P. Dutton and Co., Inc., New York, 1951. v 
+ 500 numbered half-page columns. 70 portraits. 14.5 K 23 
cm. $4. 


THE compiler of a volume of this kind is inevitably faced with 
the problem of whom to include. There will never be unanimity 
of opinion on this point, particularly as regards the omissions. 
The choices here seem eminently satisfactory. 

The biological and physical sciences are both well represented. 
More than 300 chemists are included among the 1300 biographical 
sketches. The time span extends from the pre-Christian era to 
the present; many living scientists are on this honor rol]. A 
table of the Nobel Laureates (1901-50) in chemistry, physics, 
and medicine occupies the back end-papers. 

The sketches are constructed along the general pattern: full 
name; country of birth or adoption or both; special field; date 
of birth (in full or year only), date of death; training; principal 
positions occupied; précis of the principal research fields and 
achievements. The data are accurate and the condensed state- 
ments of the principal accomplishments are well done. 

The book is full of valuable information in a readily accessible 
form. The reviewer expects to keep this handy reference volume 
within ready reach and consult it frequently. 


RALPH E. OESPER 
Unrversity or 
Cincinnati, 


e ASPECTS OF THE CONSTITUTION OF MINERAL 
OILS 


K. Van Nes and H. A. Van Westen, Koninklijke—Shell-Labora- 
tory, Amsterdam. Elsevier Publishing Co., Inc., New York, 1951. 
xxiv + 484 pp. 108 figs. ll0 tables. 15 KX 23cm. $9. 


Tunis book brings together in one volume our present knowl- 
edge concerning methods for characterizing high-boiling frac- 
tions of crude oils. A major portion of it discusses a new tech- 
nique for determining the carbon distribution, (percentage 
carbon in aromatic, naphthenic, and paraffinic structures), and 
ring content (average number of naphthenic and aromatic 
rings per molecule) in heavy oils. 

Within the past few years refinery chemists have solved the 
problem of isolating the individual hydrocarbons in the gasoline 
range. Attention has turned to the kerosene, gas oil, and 
lubricating oil ranges where the problem is considerably more 
difficult due to the large number of components. As the authors 
point out, “The evident inextricability of heavier oil fractions 
made it necessary to devise methods for estimating the chemical 
composition of hydrocarbon mixtures, without complete 
separation.””’ The methods of analysis presented in this book 
are based mainly on relations between various physical con- 
stants of the crude oil fractions. Only a brief mention is made 
of spectroscopic methods, such as ultraviolet absorption, for 
estimating the components of heavier oil fractions. 

The first section of the book contains a review of our present 
knowledge concerning the origin and evolution of petroleum. 
The purpose of this is to determine to what extent data on the 
genesis of petroleum can contribute to a better understanding 
of its composition. This section is followed by an excellent 
chapter of the properties of hydrocarbons, and methods for 
their separation, characterization, and identification. Various 
formulas for computing the physical constants of pure hydro- 
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carbons are presented, as well as numerous characterization 
factors for determining the composition of complex mixtures. 
This chapter alone contains nearly 300 references. 

The second half of the book is devoted to methods and appli- 
cations of structural group analysis, specifically the estimation 
of carbon distribution and ring content in high-boijing oil 
fractions. The limitations of the original Waterman ring 
analysis are discussed and followed by a description of the 
development and testing of the new n-d-M (refractive index, 
density, molecular weight) method. The authors are to be 
complimented for including a fairly thorough discussion of 
other methods of structural group analysis such as those of 
Deanesly and Carleton, Lipkin, Martin, and Kurtz. Approxi- 
mately 50 pages are devoted*to a description and comparison 
of the different methods for structural group analysis. The 
limitations of all methods, including those of the authors, 
are covered fully. An interesting point in this discussion is 
the fact that it is incorrect to assume that aromatic oil fractions 
contain only minor amounts of naphthene rings. Present 
data indicate that mixed naphthenic-aromatic hydrocarbons 
are far more common than aromatics without naphthene rings 
in the heavier fractions of crude oils. 

The material is presented in a very readable manner. Al- 
though some of the equations are hard to follow, there are 
numerous graphs which give the reader a quick visual inter- 
pretation of the various relationships between physical proper- 
ties and composition. Application of the n-d-M method to 
specific analytical problems is simplified through the use of 
nomographs. The book should be a must for any chemist 
concerned with the analysis of high-boiling hydrocarbon mix- 
tures. 


JOHN M. HUNT 
Tue Carter O11 Company 
Tuisa, OKLAHOMA 


¢ BIOCHEMISTRY AND PHYSIOLOGY OF PROTOZOA. 
VOLUME I 


Edited by Andre Lwoff, Head of the Department of Microbial 
Physiology, Pasteur Institute, Paris. Academic Press, Inc., New 
York, 1951. x + 434 pp. 59 figs. 44tables. 15.5 X 24cm. 
$8.80. 


THE introductory chapter by A. Lwoff, and the second chapter 
by Hutner and Provasoli, deal to a considerable extent with the 
phytoflagellates. Theories on the phylogeny of the Protozoa 
sensu stricto and their probable relationships to the phytoflagel- 
lates and/or red bacteria are evaluated. While some of the 
phytoflagellates, like the green metaphytes, are nourished from 
inorganic sources and produce starch or paramylon through 
photosynthesis many are “acetate flagellates,’ unable to derive 
nourishment from glucose. Some are strict osmotrophs; others 
are phagotrophs. Some require growth factors such as thiamine 
and vitamin Bi. Excellent material for experimental work on 
photosynthesis is furnished by species that can live, with loss of 
chloroplasts, in complete darkness or in the presence of strepto- 
mycin. Synthesis and degradation of starch appear to be effected 
by enzymes of the Embden-Meyerhof-Parnas scheme. Experi- 
ments are suggested on factors of permeability of dissolved sub- 
stances which have a bearing on the nutrition of all osmotrophs 
including the Protozoa sensu stricto. Experimental work is 
suggested throughout, since few factors of metabolism are known. 

The first of the two chapters by M. Lwoff is an excellent review 
of the pioneer work of A. and M. Lwoff on certain Trypanosomi- 
dae, particularly on Leishmania, Strigomonas, and Trypanosoma 
cruzi. Excepting some strigomonads which do not appear to 
need exogenous growth factors, protoporphyrin, ascorbic acid, 
and B vitamins, particularly thiamine, are required. Nitro- 
genous foods may be derived from serum and/or peptones. A 
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paper by Tobie and Rees which was overlooked shows that 1 
cruzi may be grown in dialysates of blood-agar. 4 
The author attributes the bacteria-free cultivation of tricho. 
monad flagellates to the use of antibiotics, overlooking the fact 
that most of the pure cultures were obtained by other me 
including microisolation. Excellent studies by Cailleau, Truggy 
Johnson, and Morgan are reported in considerable detail, The 
limited literature on the growth requirements of parasitic amo 
bae, particularly Endamoeba histolytica, is admirably summariges 
and evaluated. Only limited information on these amoebae iy 
obtainable because no pure cultures have been produced. 

The chapter by von Brand dealing almost entirely with Trypy. 
nosomidae is subdivided into four sections: metabolism proper 
pathological physiology of infections, physiological basis 
chemotherapy, and physiological basis of drug resistance, 4 
thoroughgoing review and evaluation of 269 research papers js 
presented. Most trypanosomes are active organisms relying 
principally on sugar as source of energy. A continuous supply 
is needed since little if any storage of glycogen occurs. Trypano. 
somes may be classified into two great groups of which the first, 
including species of Leishmania and several species of Trypano 
soma, the so-called lewisi group, has heavy metal catalysts that 
are lacking in the second group which includes the pathogenic 
African species and 7’. equiperdum. A great handicap to studies 
on metabolism is that none of the blood-stream forms have thy 
far been cultivated in vitro. The section on pathological physiol 
ogy is largely a discussion of theories since practically nothing 
is known about factors of pathogenicity. The author shows, 
however, that no simple explanations such as sugar depletion oj 
the host, asphyxiation, etc., are adequate. The toxin theory is 
plausible but thus far toxins have not been demonstrated experi. 
mentally. The mode of action of most trypanocidal agents is 


explained in the section III in so far as valid data have been ob- 


* tained. Of the many theories discussed in the fourth section 


on the physiological basis of drug resistance, the author favor 
the mutation theory. 

The chapter by McKee on the biochemistry of Plasmodium 
and influence of antimalarials is a tribute to the outstanding 
collaborative researches of including biochemists, 
physicists, physiologists, bacteriologists, and protozoologists, at 
such centers as Harvard, the University of Chicago, Johns 
Hopkins University, and the National Institutes of Health. h 
this connection A. Lwoff comments in the introductory chapter 
that ‘close cooperation between protozoologists, botanists, 
parasitologists, and biochemists is a necessary condition for such 
progress.” McKee stated that ‘“‘plasmodia are able to glycolyz 
and to oxidize carbohydrate, to cleave hemoglobin, and to synthe 
size new proteins of a wide variety, and to produce large amounts 
of lipids.” An outstanding accomplishment of the Harvan 


team was the cultivation of Plasmodium through enough gener 


tions to permit the in vitro testing of antimalarials. This result 
was accomplished through chemical studies of blood and plasms, 
before, during, and after infection, and through other studies 
which led to a physiologically balanced culture fluid which has 
been found useful also in the cultivation of other species of pro 
tozoa. Although many data are presented on the action of anti- 
malarials the author states that there is as yet no detailed explant 
tion for their selective action upon the plasmodia. 

The chapter by Kidder and Dewey on the biochemistry d 
ciliates in pure culture shows that most of the essential inorganit 
nutrients of the aerobic ciliate Tetrahymena gelei have been found, 
as well as the essential amino acids and growth factors. Ex 
cepting ‘“protogen,” a concentrate from liver, the organism 0 
cupies a distinctive place in being the only protozoan that has 
been grown in a synthetic medium. 

The book is well printed, remarkably free of typographical 
errors, and contains a remarkable number of references to per 
tinent literature, as well as a subject and author index. 


CHARLES W. REES 


Sprinc, MARYLAND 
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TECHNIQUE OF 
ORGANIC CHEMISTRY 


Editor: Arnold WEISSBERGER, Research Laboratories, Eastman 
Kodak Company, Rochester, N. Y. 


The present series is devoted to a comprehensive presentation of 
the techniques that are used in the organic laboratory and that 
ge available for the investigation of organic compounds. The 
qthors give the theoretical background for an understanding of 
the various methods and operations and describe the techniques 
and tools, their modifications, their merits and limitations, and 
their handling. 

Yolume 1: PHYSICAL METHODS OF ORGANIC CHEMISTRY 


Second edition, completely revised and augmented. In two 
s. 1949. 6x 9. Part I: 1084 pages, 395 illus., 93 tables. 
Part II: 1036 pages, 355 illus., 63 tables. $13.50 per part. 


Volume Il: CATALYTIC REACTIONS, by V. I. Komarewsky, IIli- 
nois Institute of Technology, and C. H. Riesz, Institute of Gas 
Technology, Chicago, Ill. PHOTOCHEMICAL REACTIONS, 
by W. Albert Noyes, Jr., and V. Boekelheide, University of 
Rochester, N. Y. ELECTROLYTIC REACTIONS, by Sherlock 
Swann, Jr., University of Illinois, Urbana, Ill. 1948. 6 x 9. 
229 pages, 66 illus., 9 tables. $5.00 


Yolume Ill: HEATING AND COOLING, by R. S. Egly, Terre 
Haute, Ind. MIXING, by J. H. Rushton, Chicago, Ill., and 
M. P. Hofmann, Troy, Pa. CENTRIFUGING, by Harold B. 
Golding, Boston, Mass., EXTRACTION AND DISTRIBUTION, 
by L. C. Craig, New York, N. Y., and D. Craig, Brecksville, 
Ohio. DIALYSIS AND ELECTRODIALYSIS, by R. E. Stauffer, 
Rochester, N. Y. CRYSTALLIZATION AND RECRYSTALLIZA- 
TION, by R. S. Tipson, Pittsburgh, Pa. FILTRATION, A. B. 
Cummins, Manville, N. J. SOLVENT REMOVAL, EVAPORA- 
TION AND DRYING, by Goeffrey Broughton, Lowell, Mass. 
1950. 6 x 9. 672 pages, 325 illus., 43 tables. $12.00 


Volume DISTILLATION 


Authors — Arthur and Elizabeth Rose, State College, Pa. 
Arthur L. Glasebrook, Wilmington, Del. Frederick E. Wil- 
liams, Wilmington, Del. Carl C. Carlson, Linden, N. J. John 
R. Bowman, Pittsburgh, Pa. R. Stuart Tipson, Pittsburgh, Pa. 
Edmond S. Perry, Rochester, N. Y. John C. Hecker, Rochester, 
N.Y. 1951. 6x 9. 696 pages, 293 illus., 97 tables. $14.00 


Volume V: ADSORPTION AND CHROMATOGRAPHY 


By Harold Gomes Cassidy, Sterling Chemical Laboratory, Yale 
University, New Haven, Conn. 1951. 6 x 9. 380 pages, 53 
illus., 54 tables. $7.00 


Volumes In Preparation: 


Volume Vi: MICRO AND SEMIMICRO METHODS 


By N. D. Cheronis, Brooklyn College, Brooklyn, N. Y., and 
A. R. Ronzio, Los Alamos Scientific Laboratory of the Uni- 
versity of California, Los Alamos, N. Mex. 


Volume VII: ORGANIC SOLVENTS—Physical Constants and 
Methods of Purification : 


Second Edition. By A. Weissberger, Rochester, N. Y., E. S. 
Proskauer, New York, N. Y., and J. A. Riddick and E. E. 
Toops, Jr., Terre Haute, Ind. 


Volume Vill: INVESTIGATION OF RATES AND MECHANISMS 
OF REACTIONS 


Authors — G. M. Burnett, Britton Chance, S. L. Friess, E. 
Grunwald, F. M. Huennekens, T. H. James, T. S. Lee, J. 
Leffler, R. Livingston, H. W. Melville, B. K. Morse, P. 
O'Connor, W. J. Priest, F. J. W. Roughton, and W. D. Walters. 


THE CHEMISTRY OF 
HETEROCYCLIC COMPOUNDS 


A Series of Monographs 


Arnold Weissberger, Consulting Editor. 


The monographs are up-to-date, detailed and com- 
prehensive presentations of the various branches of 
heterocyclic chemistry. The subdivisions are designed to 
cover the field in its entirety. Completeness, with re- 
spect to the listing of all compounds and their deriva- 
tives described in the literature, has not been attempted 
in general. The authors endeavor, however, to include 
all compounds important for reasons of their chemistry, 
physiological action, and medicinal or industrial use, as 
well as to give ample guidance to the original literature. 


Published Volumes: 


THE HETEROCYCLIC DERIVATIVES OF PHOSPHORUS, 
ARSENIC, ANTIMONY, BISMUTH, AND SILICON 


By Frederick George Mann, Cambridge University, 
England. 1950. 6 x 9. 190 pages, 7 tables. $5.25 
Special price to subscribers, $4.20 


SIX-MEMBERED HETEROCYCLIC NITROGEN COM- 
POUNDS WITH FOUR CONDENSED RINGS 


By C. F. H. Allen, Eastman Kodak Company, 
Rochester, N. Y. 1951. 359 pages, 7 illus., 40 tables. 
$10.00. Special price to subscribers, $9.00 


THIOPHENE AND ITS DERIVATIVES 


By H. D. Hartough, Socony-Vacuum Laboratories, 
Paulsboro, N. J., with special chapters by F. P. 
Hochgesang, Socony-Vacuum Laboratories, and F. 
F. Blicke, University of Michigan, Ann Arbor, Mich. 
1952. 6 x 9. 630 pages. 27 illus., 107 tables. $16.50 


Special price to subscribers, $15.00 
Scheduled for Publication in 1952: 


FIVE-MEMBERED HETEROCYCLIC COMPOUNDS WITH 
NITROGEN AND SULFUR OR NITROGEN, SULFUR, 
AND OXYGEN 


By L. L. Bambas, Parke, Davis & Co., Detroit, Mich. 
Approx. 450 pages. 

CONDENSED PYRIDAZINE AND PYRAZINE RINGS 
(Cinnolines, Phthalazines, and Quinoxalines) 


By J. C. E. Simpson, University of Manchester, Eng- 
land. Approx. 380 pages. 


INTERSCIENCE 
Publishers, Inc. 


250 Fifth Avenue 
New York 1, N. Y. 
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INSTRUMENT MERCURY 


* Purified specifically for Instrument use. 


* Meets not only standard chemical, but also 
more exacting physical tests. 


* Delivered in a handy bottle with dispens- 
ing tip. 


* Controlled filling without exposure to con- 
tamination. 


* Stays bright and clean in long storage. 
* Premium quality without premium price. 


Write for current quotations 


Bethlehem Apparatus Co., Ine. 


802 Front St. e Hellertown, Pa. 


LS gem AN odd-shaped object is no problem when you use 
sturdy ELECTROTHERMAL HEATING TAPE. For its 
unique flexible and elastic qualities enable convenient heating of 
any object by simply wrapping the tape around it and turning on 
the juice. Any suitable energy regulator may be used for power. 
Three types of tape are available. Uninsulated—transpar- 
ency allows viewing of substance being heated. Insulated on 
one side—confines heat thereby minimizing loss and insulated on 
both sides—for use on metal or other conducting surfaces. 


#42-519 ELECTROTHERMAL HEATING TAPE 


SIZE MAX, —-UNINSULATED _INS. ONE INS. BOTH 
AMPS. SIDE SIDES 
36” x 1” 0.8 $ 9.65 $11.40 $14.70 
48” x 214” 1.5 12.25 14.90 18.75 
3” 2.3 16.65 20.15 26.45 
72” x 314” 2.6 19.25 22.95 29.40 


For more detailed information write for circular 
ALL-PURPOSE POWERSTAT VARIABLE TRANSFORMER 
No. 32-072 POWERSTAT (illustrated with tape set-up 
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above) is an excellent source of energy because it gives a con- | 


stant flow of current therefore even heat. Voltages form 0 to 135 
may be obtained by turning the voltage regulator dial to the de- 
sired setting. Capacity of POWERSTAT is 1 KVA. 

Price .. . only $23.00. 


E: Maculett & SON 


Laboratory APPARATUS + SUPPLIES « CHEMICALS 
220 East 237d STREET‘: NEw YOorK 10, N.Y. 


for those who take pleasure in coming 
into intimate contact with the lives of 
great people . . . a wealth of pictures | 
and original material ... It stimu- | 
lates, encourages and leads its readers 
on to a more careful study of science.” 


The Science Teacher. 
$4.00 


Chemical Education Publications 
2000 Northampton Street 
Easton, Pennsylvania 


578 pages 300 illus. 
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A OF THE MORE THAN 3 500 EASTMAN ORGANIC CHEMICALS 


CH.(COOTI). 
HCOOTI 


‘Our heavies... 


Thallous Malonate (Eastman 2205) 
and Thallous Formate (Eastman 
2204) form a double sait with a 
specific gravity of 4.95 that melts at 
60°C. The notable fact about this 
molten salt is that it is miscible with 
water in all proportions so that the 
solution can have any specific grav- 
ity you like from 1.00 to 4.95—a fact 
that is very useful to mineralogists. 
It gives them a delicate means of 
separating ore constituents by flota- 
tion. If they are only interested in 
specific gravities up to 3.5, they can 
get along with the formate alone. 
(We've recently added Thallous Ace- 
tate to our list also, as Eastman 6597. 
It’s good for similar tricks.) We 
don’t advise using these thallous 
salts for parlor stunts, however. 
They’re rather toxic. 


The better to spot 
Neisseria... 


p-Aminodimethylaniline Oxalate 
(Eastman 5672) is now pretty gen- 
erally accepted as the reagent for 
rapid identification of colonies of 


Neisseria gonorrhoeae by the oxidase 
test. (Free abstract on requ“st.) 
There was a time when bacteriolo- 
gists preferred the HCI salt (Eastman 
492), but we had such a time keep- 
ing it white for them that we con- 
sulted with the man who developed 
the test about a replacement. Turned 
out that the oxalate, which stays 
beautifully white, is approximately 
three times as stable as the HCI salt, 
has greater clarity, and gives less 
precipitation. To the Nessseria the 
change is immaterial because there 
is no difference in toxicity. 


Lactones, lactols, 
lactams, et al... 


CH,-C=0 


CH,-0 


8-Propiolactone (Eastman 6662) has 
just been added to our list, largely as 


Eastman 


a result of a roundup on recent do- 
ings in lactone chemistry prepared 
by one of our senior chemists for 
our “Organic Chemical Bulletin.” 
(Many chemists have recently as- 
sured us that this sobersided publica- 
tion of higher learning has been 
quite useful to them for a good many 
years.) Our author’s discussion of 
the many types of reactions of the 
lactones, lactams, lactols, and azo- 
lactones in general and §-propiolac- 
tone in particular convinced us that 
at least one representative of the 
species should an Eastman Or- 
ganic Chemical. If you'll drop us a 
line, we shall put you on our mailing 
list for the Bulletin, starting with the 
lactone issue. No obligation. 

These are but four of over 3500 
organics stocked for your con- 
venience by Distillation Products In- 
dustries, Eastman Organic Chem- 
icals Department, 613 Ridge Road 
West, Rochester 3, N. Y. (Division 
of Eastman Kodak Company). 


Organic Chemicals 


for science and industry 


Also ...vitamins A and E... distilled monoglycerides ... high vacuum equipment 
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pens. 
CON- 
town, Pa. 
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ING TIME TO 1 /3!! 
WITH 
“SELECTAS” BY SARTORIUS 


REDUCE WEIGH 


ANALYTICAL SPEED BALANCES 
UNEQUALED IN ITS RANGE FOR 


SPEED — ACCURACY — CONVENIENCE — 
RELIABILITY 


Single Pan—No Weight Handling 

Minimum Load—Long Life of Critical Parts 

Standard Double Beam—Atmospheric Changes Automatically com- 
pensated for 

Separate Beam and Weight Compartments—No Dust Problems . 

Instant—Non Magnetic Damping—Equally Effective Under All Loads 

Recessed Projection Screen—Easily Visible Under All Conditions 

Circular Sliding Doors——Unimpaired Visibility 

Automatic Indication of Last Three Decimal Points on All Models— 
No Time Lost by,Handling of Fractional Weights 

Carry-all Base Casting—No Vibration of Critical Parts During 
Weighings - 

Round Space-saving Shape—Deflects Heat and Light Radiation, 
Reduces Air Space in Weighing Compartment 

New Weight Loading Mechanism—Two Table Level Double Knobs 
Required for Operation, Operates with Beam Partly Released 

New Counter—Iindicates Automatically Appliea Weight. 


Write or Phone SHerwood 2-1123 


|ENERAL ‘ 


Apparatus and Chemicals for 
Industry and Science 


320 MARKET STREET- PATERSON 3,N.J. SHERWOOD 2-1123-4 


"Indispensable 


| 


for the teacher | 
for the chemist 
for the graduate student ; 


THE JOURNAL OF CHEMICAL EDU. 
CATION is a continuing university for 
the teacher and for the chemist in in. 
dustry. It is an open forum for the 
exchange of ideas and experiences, the 
value of which is apparent to chemists 
in industry as well as to all chemistry 


teachers. 


Solutions to problems, improvements in 
technique and practice, new theories 
and ideas become common knowledge 
for the benefit and guidance of all. 


While the JOURNAL is the chemistry 
teachers’ own periodical its editorial 
columns are open and of interest to the 
industrial or research chemist also. 


Not only does the JOURNAL feature 
ariticles pertaining to education and 
educational practices, such as teaching 
methods, educational studies and statis. 
tics, but . . . . it carries original papers 
from prominent educational and re. 
search chemists as well. 


Its articles on new and revised labora- 
tory procedure and technique, and on 
the construction of laboratory appara- 
tus, are of value to all chemists. 


Other articles in the JOURNAL, which 
are most often referred to by commenta- 
tors, are its reviews of industrial proc- 
esses and practices, and its historical 
and biographical sketches. Abstracts, 
book reviews and extended discussions 
of subjects impossible to include in 
textbooks are regular features. 


These articles are clear, concise and 
authoritative. They are varied in topic 
and sufficiently non-technical to be of 
general value. They form a living text- 
book of chemistry—an invaluable 
source of material not to be found in 
reference volumes, or elsewhere. 


Thousands of chemists and chemistry 
teachers use the JOURNAL in their own 
special way to meet their own special 
problems, and it is readily adaptable to 
a multitude of such uses. You too, 
will find the JOURNAL helpful, in- 
formative ... . and highly readable. 


SUBSCRIPTION RATES 
l year 2 years 
Domestic and coun- 
tries in Pan. Ameri- 


| 
| 
| 
| 
| 
Other countries...... 
JOURNAL OF CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
| 
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SMITH’S COLLEGE CHEMISTRY 
Sixth Edition $5.00 


By William F. Ehret 


The Sixth Edition of this famous Smith 
textbook for introductory courses in college 
chemistry maintains the basic method and 
character of the original book. Complete, 
up-to-date in every respect, precise in pres- 
entation, and clearly and interestingly written 
Smith’ s College Chemistry supplies the demands 
for a rich college course in general chemistry. 
7 x 10", 677 pp., illus. 


SMITH’S INTRODUCTORY 
COLLEGE CHEMISTRY 
Third Edition $4.50 


By William F. Ehret 


Based on Smith’s College Chemistry, this book 
is shorter, more compact. It is intended for 
courses that have not sufficient time available 
in which to cover adequately all of the material 
in the larger, more complete text. 7” x 93/4”, 
511 pp., illus. 


PROPERTIES AND NUMERICAL 
RELATIONSHIPS OF THE 
COMMON ELEMENTS AND 
COMPOUNDS 


Fourth Edition $3.00 
and 


EXPERIMENTS AND PROBLEMS 
‘FOR COLLEGE CHEMISTRY 
Fourth Edition $2.50 


By J. E. Belcher and J. C. Colbert 


Cross-reference keys for these two widely used 
laboratory manuals for first-year college chem- 
istry courses provide references to both Smith's 
College Chemistry, Sixth Edition, and Smith’s 
Introductory College Chemistry, Third Edition, 
so that the manuals can be used conveniently 
in conjunction with either of these books. 
For over twenty years the Belcher and Colbert 
manuals, in their several editions, have been 
among the leaders in their field. These 
manuals provide not only detailed directions 
for a well oriented series of experiments, but 
also include discussions of principles, defini- 
tions, and methods; report sheets; and an 
abundance of problems. 


APPLETON-CENTURY-CROFTS, INC., 35 West 32nd Street, New York 1, N.Y. 


CLEAN SLIDES! 


Table Model 


Microscope Slide Dispenser 


Stainless Steel 


Why waste time cleaning smudged and dusty slides when, with 
the aid of this valuable accessory, fresh, clean ones can be dis- 
pensed one at a time by the simple flick of a lever. 
able gate, easily removed for quick refi'ling, is designed so that 
slides of various thickness can be accommodated. Securely 
attached to the underside of the base is a sponge rubber gasket 


The adjust- 


which prevents the scratching of desk and table tops, and Catalog No. 1415 


simultaneously keeps the slide dispenser from “walking.” 


SIZE: Height 4"; base 3” x 5” 
CAPACITY: Holds 45 to 54—3”" x 1” slides 


TRADE MARK ® "DISTRIBUTED THRO 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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MILWAUKEE COUNTY 


UNIT” 
FURNACE 


? For Ash Analysi 
AIR POLLUTION 


I. its air pollution control 
work the Dept. of Smoke Regulation 
of Milwaukee County use this ‘‘Mul- 
tiple Unit'’ Muffle Furnace for ash 
analysis of filtered solids. 


This versatile furnace is also used 


“MULTIPLE UNIT” 


HEVI 


DUTY ELECTRIC 


MILWAUKEE 1, 


s in Determining 


for proximate fuel analysis and 
many other operations requiring 
temperatures from 900° F. (480° 
C.) to 1850° F. (1008° C.). Learn 
more about Hevi Duty ‘Multiple 
Unit'’ Muffle Furnaces. See your 
Laboratory Supply Dealer or write 
for Bulletin LAB-849. 


COMPANY 
WISCONSIN 


Heat Treating Furnaces... Electric Exclusively 


Dry Type Transformers 


Constant Current Regulators 
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You can learn Russian 
with 


CHEMICAL RUSSIAN 


Self-Taught 
by James W. Perry 


“Dr. Perry’s book will be par- 
ticularly welcome to those chemists 
and chemical engineers who are not 
connected with some large firm or 
organization employing a qualified 
translator. A surprising number of 
the free-lance technical translators 
available do not have an elementary 
knowledge of chemistry, and their 
English is of even more doubtful 
quality than their Russian ..... 


“Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


_ “Since every chemist has to be 
reasonably intelligent, he needs 
only persistence and Chemical Rus- 
sian, Self-Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 
approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
experience in studying by them- 
selves, however, ard should absorb 
a great deal more knowledge in a 
given period of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. Perry’s 
chapter entitled Suggestions for 
Study Methods. Here the approach 
to study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material packed so 
solidly into the thoughtfully organ- 
ized chapters on Vocabulary Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, as 
well as the Glossary of Technical 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles of 
technical articles.”’ 


Ludmilla I. Callaham, 
ENGINEERING 


$3.00 
Chemical Education Publications 


2040 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


221 pages 
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The Best All Around 
Paper for General 


Chemistry and 
Qualitative Analysis 


WHATMAN Filter Paper No. 1 is 
widely acclaimed for use in General 
Chemistry and Qualitative Analysis. 
It retains most precipitates, filters fairly 
rapidly, is strong enough so that even 
inexperienced students do not break 
it. No. 1 also contains a minimum of 
soluble interfering ions yet is inex- 
pensive enough for student use. 

No. 1 is also widely used in chroma- 
tography for which it is available in 
sheets, strips or rolls as well as in 
circles. 

If you are not familiar with this 
wonderfully versatile paper, send for 
samples today. 


H. REEVE ANGEL & CO., INC. 


52 Duane Street, New York 7, N. Y. 


EFFECTIVE 


FIESER AND FIESER 
Organie Chemistry, 
Second Edition 
Detailed revision has brought this popular 
text completely up to date. Changes in 
topics have been determined by the latest 
research. 


Textbook of Organic 
Chemistry 

A brief text for the one year course, pro- 
viding a solid foundation of fundamental 
fact and theory. 


HOPKINS AND BAILAR 
General Chemistry for 
Colleges, Fourth Edition 
Contents stresses the importance of chem- 
istry in modern life. Distinctive new for- 
mat makes for easy reading. With labora- 
tory manual, LABORATORY AND CLASSROOM 
EXERCISES IN GENERAL CHEMISTRY, SIXTH 
EDITION, by Hopkins, Moeller, and Tamres. 


MeBAIN: Colloid Science | 


This comprehensive introduction highlights 
a new systematic approach and synthesis, 
stating simply all concepts and present 
trends. 


OELKE: Semimicro Qualita- 
tive Analysis 
A real tool for the student, classroom- 
tested for eight years. Part I contains 
chemical theory; Part II, laboratory direc- 
tions and applications. 


D.C. HEATH AND 
COMPANY 


Sales Offices: 

NEW YORK CHICAGO 

SAN FRANCISCO 
Home Office: 


ATLANTA 
DALLAS 
BOSTON 
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FLASHING SIGNAL 


Potentiometric balance is indicated by unique “flash: 
ing signal." No meters toread; no pointers to se, 


SINGLE CONTROL OPERATION 
Alll adjustments of standardizati on and 
measurement are made with a 

single calibrated dial. 


Coleman COMPAX ' 
With YOUR pH METER 


Precision based on Simplicity . . . Compax uses the classic 
potentiometer pH circuit, but in a new way... by replacing the LONG LIFE BATTERIES-1200 hounj of 
usual null meter with a miniature neon, almost instant balance is made operation ... universally available, 


practicable . . . the usual working cell adjustment is eliminated by NO DESICCANTS=Measuring circuits elect. 
directly applying an oversize standard cell. cally protected from moisture or corrosion, 
If you wish to use the electrodes in turbid samples... not just clear solutions... 
WACO Technical Service recommends the reference electrode with ring liquid junc- 
tion. The rubber ring prevents KCL and KCL junction contamination . . . just pinch 
it for fresh junction! 
TRIAL OFFER ... SURE WE’RE SURE... try it in your laboratory! Take it 
with you in your traveling bag when you visit other schools for lectures. Use it 
. NOW ... in the classroom where the simplicity and speed will be appreci- No. 6 Se ane 
ated by your students. Write for Compax Bulletin JCE 225. 
glass and reference electrodes in 


LABORATORY SUPPLIES AND CHEMICALS sealed head. Including vial, buffer 


WILKENS-ANDERSON CO. 
4525 W. DIVISION ST., CHICAGO 51, ILLINOIS COMPLETE. "3150.00 


RELATIVE. VALUES OF RETENTION OF e 
S & S ANALYTICAL FILTER PAPERS sd 
Ash.Free Popers Other Grades e 
Accurate Quantitative Analyses 
* with S & S ‘‘Ash-Free’’ Series 
. © Ash content equal to or lower than that of the best 
e European double-acid-washed papers @ Ash content 
589. ; * controlled by strict laboratory supervision ¢@ 8 grades 
i * from extra dense for the finest precipitates to soft for 
so rapid filtration of gelatinous ppts Standardized to 
590 Bites seeate, « meet individual requirements in work of greatest ac- 
curacy @ Circle diameters cm to 18'/, cm; weight 
60 of ash content minus 0.02 mg to minus 0.20 mg for the 
Shark Skin bed largest. 
For test samples, send information on indsvidual requirements. 
WRITE FOR LATEST CATALOG 
SCHLEICHER « SCHUELL CO. 
1068 008 521 Washington St., Keene, New Hampshire 
Black Ribbon 
589.14 Precipitates 410 
yenrearretn ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 
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jew Type Carbon Train 


Burrell Corporation, manufacturers and 
jistributors of scientific apparatus and 
yboratory chemicals, has introduced the 
purrell Carbotrane, a new unit-package 
arbon train for improved gravimetric de- 
aminations of carbons-by-combustion. 
The Burrell Carbotrane is a complete, 
#f-contained piece of laboratory ap- 
paratus. It is a compact arrangement of 
throwaway and quickly replaceable glass 
artridges containing reagents commonly 
wed in the determination of carbon in 
metals. 


Two models are available. A single 
train (Burrell Model 110) is offered for 
average laboratory use, while a double 
train (Burrell Carbotrane Model 120) is 
intended for high production or for standby 
@nvenience. With the double train model, 
two determinations may be made simul- 
taneously with complete efficiency. 

The Carbotrane may be used equally 
Well with either resistance or high-fre- 
@iency combustion furnaces. 

Acompany bulletin describes the Carbo- 
trane and lists prices for the two models 
and for extra cartridge-type absorption 
tubes. Copies may be had by writing to 
Burrel] Corporation, 2223 Fifth Avenue, 
Pittsburgh 19, Pennsylvania. .Request 
Burrell Bulletin No. 323 


Improved Temperature Controller 


Recent important improvements in de- 
sign and in the electrical circuit of the line 
of Temcometer temperature controllers are 
announced by the manufacturer, Thermo 
Electric Mfg. Co. These low cost instru- 
ments are used to provide stepless and 
wasteless control of the power supply to 
electric furnaces, ovens, melting pots, and 
other heating devices. 

In current models the load capacity has 
been increased by employing a multiple 
contact mechanical type relay system in 
Place of the single contactor or mercury 
type relays formerly used. A protective 
feature is also added by a new fused cir- 
cuit which divides the load current be- 
tween relay contacts in such a manner 
that malfunction of any part of the relay 


Please mention CHEMICAL EDUCATION when writing to advertisers 


system will automatically cut off the load 
current to prevent overheating and dam- 
age to the connected equipment and its 
contents. 

The thermostatic control unit which 
regulates the “on’’ and “off” cycles of the 


load current has been redesigned to give 
improved stability and longer life. The 
bimetallic levers of this unit are now 
larger and heavier, are mounted with 
stuinless steel fittings in permanently se- 


cure alignment. 
proved insulation and each coil and bi- 


The heater coil has im- 


metal assembly is tested by imposition of 
1500 volts. 


Temcometer instruments are available 
either with or without indicating pyrome- 
ters and thermocouple, and for load rat- 
ings up to 4600 watts, 110 volts and 6000 
watts, 220 volts. Additional information 
may be obtained by writing the manu- 
facturer at 471 Huff Street, Dubuque, 
Towa. 


Crystal clear, full flexible, and chemically resist- 
ant, TYGON Tubing pays for itself in longer life 
and shorter “set-up” times. What’s more TYGON 
TUBING is non-toxic . . . non-contaminating .. . 
sterilizable ... and, mirror-smooth for easy, thorough 
cleaning. Available in many sizes, TYGON resists 
acids, alkalies, oils, some solvents, and water—can be 
used for the transmission of liquids, gases, and semi- 
solids. Use it and SEE! But, be sure it’s TYGON — 
look for the name branded on the tubing! 


TYGON Paint pays for itself in the savings you 
make by stopping corrosion. Protect your furniture, 
walls, ceilings, shelves, tables, piping, ring stands, 
clamps, brackets, fume hoods and ducts with 
TYGON. Easily applied and fast drying, TYGON 
Series “K” Paint adheres well to clean surfaces with- 
out priming. On rusted surfaces, use it over TYGO- 

_ RUST—the new, “no-prep” vinyl primer that really 
works. TYGON coatings give you the maximum 
protection possible against corrosive fumes and 
spillage of both acids and alkalies and a wide range 
of other chemicals. 


Soft, resilient, and chemically resistant, PRO- 
TECTO-GRIDS pay for themselves in lower glass 
breakage costs. A TYGOFLEX coated PROTECTO- 
GRID in your laboratory sink saves valuable glass- 
ware — reduces accident hazards. The tough, long- 
wearing plastic resists virtually all chemicals—the 
wide range of sizes permits use in any standard sink. 


STON EWARE 


U. S. 
AKRON 9, OHIO 
PLASTICS AND SYNTHETICS DIVISION 
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For rapid, convenient, vacuum filtra- 
tion. Filtrate is collected in beakers up 
to 400 ml and flasks up to 300 ml 
capacity. Prevents loss of filtrate. A 
battery of NYLAB Filter-Bells using 
one vacuum source permits multiple 
filtrations — new quick-action slide 
valve allows positive vacuum and quick 
evacuation release 


The NYLAB Filter-Bell is fitted with 
a soft rubber gasket to gently grip 
filter funnel, plus a heavy molded soft 
rubber ring to insure bench seal — 
afford extra protection against chip- 
ping. Can be used with various glass 
and porcelain funnels. Sturdy Pyrex 
construction . . . Infrequent replace- 
ment! . . . Low initial cost! 


YORE 


ANY INT. 


76 Varick Street New York 13, N. Y. 


TEMPERATURE CONTROL EQUIPMENT 


LABORATORY PILOT PLANT PRODUCTION 


GRAVITY OR MECHANICAL CONVECTION 
Wet Type © Dry Type ® temperature range: roomto 70° C.: 
constant +'2° C. ©@ constructed to Army-Navy speci- 
fications Modella elements stainless steel 18-8 polished 
chrome hardware ®@ inner glass observation doors @ ex- 
clusive sealing design eliminates center mullion on largest 

' size @ air velocity controlled from 25 f.p.m. to 150 f.p.m. 

® available in several sizes. 

Heating unit and control GUARANTEED FIVE YEARS 


in running your 
small laboratory filtrations 


Order by NYLAB No. 35070 
each $6.75 


Electric Utility 


LABORATORY 
OVENS 


Gravity Convection 
MODEL OV-12 
® ruggedly constructed, versa- 
tile, dependable ® Army-Navy 
approved @ 1 cubic ft. cap. 
polished stainless steel 16-8, 
inside and out ® Fiberglas in- 
sulation 2” thick @ temperature 
range 37.8° C. to 232° C 
(100° F. to 450° F.) © auto- 
matic hydraulic control, 
C. @ Modella heating element 
as fully guaranteed; withstands 
2600° F. @ wiring enclosed ready for instant service @ inside dimensions 
12” x 12” x 12” (other sizes also available) © automatic timer optional 
ONE YEAR GUARANTEE 


gh ; WRITE TODAY FOR COMPLETE DESCRIPTIONS AND PRICES 
PROMPT DELIVERY 


LABORATORY SUPPLIES, INC. 


Formerly Palo-Myers, swe 81 Reade St., New York eo New York 
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New Portable pH Meter 
At the 23rd International Exposition of 


Chemical Industries, Coleman Instru- 
ments, Inc., held the first showing of its 
new, Model 20 “Compax” pH Electrom- 
eter—an entirely new approach to the 
recise measurement of pH. 

The Model 20 “Compax’’ is a self-con- 
tained, portable pH Electrometer com- 
bining the precision of the linear poten- 
tiometer with the complete simplicity of 
single dial operation. New and exclusive 
features include a unique “Flashing Signal” 
which eliminates meters, pointers, and 
“reset” knobs and establishes the reading 
point with pin point precision; batteries 
with a useful life of more than 1200 oper- 
ating hours; complete protection against 
measurement errors due to depleted bat- 
teries, amplifier drift, or accidental mis- 
adjustment of controls; an exclusive elec- 
trode system which is automatically 
brought to operating position when the 
instrument cover is opened and returned 
to storage within the case when the cover 
is closed. All operations of standardiza- 
tion and measurement are accomplished 
with a single calibrated dial. No other 
knobs or controls are required. 


The entire instrument is enclosed in a 
stainproof plastic case, 8'!/2 63/s xX 
4'/, in. Weight—5'/2 lb. Realistically 
priced, the Model 20 ‘““Compax’”’ is said to 
offer the precision of the potentiometer, 
the convenience of self-contained port- 
ability, the simplicity of single-control 
operation, the economy of low-cost and 
an entirely new concept of reliability and 
dependability in pH measurement. 

Complete details are available in Bulle- 
tin B-225 which may be had by writing 
the manufacturer, Coleman Instruments, 
Inc., 318 Madison St., Maywood, III. 


New Bantam Demineralizer Bulletin 


Bulletin No. 124 describes Barnstead’s 
convenient Water Demineralizer for lab- 
oratories. This Demineralizer connects 
directly to any water supply and delivers 
the demineralized water in continuous flow 
from 5 to 8 gallons per hour. Its seven new 
features, including the new direct reading 
type meter, are completely described in 
Bulletin No. 124 which may be obtained 
by writing to Barnstead Still & Sterlizer 
Co., 108 Lanesville Terrace, Forest Hills, 
Boston 31, Mass. 


Instrument Mercury 


The Bethlehem Apparatus Co., Inc., 
Hellertown, Pa., is now processing and 


marketing mercury specifically for use in 
instruments requiring a high degree of 
accuracy. An unbreakable 5-lb. poly- 
ethylene bottle with a flexible dispensing 
tip delivers this mercury directly to the 
instruments from the dustproof chamber 
in which it has been purified of all con- 
taminants. Transfer containers, spillage, 
and exposure of mercury to impurities in 
the air are thus eliminated. 

Instrument Mercury is also obtainable in 
larger containers. It is suitable for use in 
manometers, polarographs, thermometers, 
cathode cells, meters, and gages of all 
types. 

For further information write to the 
Bethlehem Apparatus Company, Inc., 
Hellertown, Pennsylvania. 


Conductivity Curves 
Av le 

In order to fill the need for simple, ac- 
curate, and complete presentations of 
basic conductivity data in a form directly 
applicable in laboratories, industry and 
schools, Industrial Instruments, Inc., 17 
Pollock Avenue, Jersey City 5, N. J., is 
now making the data available bound in 
individual folders. 

These curves were originally drawn up 
to fill the needs of Industrial Instruments 
in their work of developing and manufac- 
turing electrolytic conductivity equip- 
ment. The data cover many of the com- 
mon aqueous electrolytes over wide ranges 
of concentration and temperature. Write 
for Bulletin 4135D. 


YOUR SCHOOL LABORATORY 


will benefit substantially from these 


SUPERIOR FEATURES OF METALAB EQUIPMENT 


@ Exclusive 7-point “Metcote” Protection of materials. 

@ Doublegwall construction and touch operated drawers. 

@ Interlocked joints are both spot and electronic arc welded. 
@ Fireproof, waterproof, corrosion-resistant, sanitary, rugged. 
* 


Though designed for schools, this equipment is of the same high 
quality as that used in many of the finest industrial laboratories. 


_~ WHEN PLANNING 


r 
iL... 4229752 


TA LA offers you 


the 


tnest tn 


LABORATORY EQUIPMENT 


¢ How to plan your Laboratory for greater efficiency. 
e How Interchangeable Sectional Units are used. 
« How to get the most for your laboratory budget. 
Our new modern plant is geared to give you the close 
cooperation and rapid service you require. 
Rush your problems to us today! 
for our complate catalog on Laboratory Furniture and Equipment 


WITHIN pen BUDGET 


LABORATORY FURNITURE 
end EQUIPMENT by 


240 DUFFY AVE., HICKSVILLE, L.I., N.Y. 
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POLARIZING 
MICROSCOPE 


RYSTALLOGRAPHERS, chemists, pet- 
C rologists . . . here is the laboratory 
and teaching instrument you have been 
looking for. It’s the AO Spencer P45 
Microscope, suitable for powers up to 
430X, numeral apertures up to 0.66. 
The built-in polarizer and removable 
body tube analyzer are of precision opti- 
cal-quality polaroid. All standard AO 


compensators are accommodated. 


Although simplified in construction and 
operation, the P45 retains highest-qual- 
ity AO Spencer optical and mechanical 
features throughout. See it at your first 
opportunity. You'll be amazed at the 
price—a fraction of the amount you 
would expect to pay. 


MEET THE NEW 


INSTRUMENT DIVISION + 


@ STANDARD STRAIN-FREE 
OBJECTIVES AND EYEPIECES 


q 


SIMPLE GRADUATED 
ROTATABLE STAGE 


@ PINHOLE OR TELESCOPIC 
EYEPIECE FOR VIEWING 
INTERFERENCE FIGURES 


LA @ BUILT-IN ILLUMINATION 
WITH DISC DIAPHRAGM 


APERTURE CONTROL 


BUFFALO 15, NEW YORK 


fe 
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The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods. . . . 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigaci6n, Buenos 
Aires 


“A fascinating book, well 
documented and well illus- 
trated... . Altogether a splen- 
did book for the doctor's 
library.’’ — Gastroenterology, 
Baltimore 


“Professor Li is an expert in 
the field of ancient Chinese 
chemurgy, and Professor Ten- 
ney L. Davis and the Journal 
of Chemical Education are to 
be thanked for bringing this 
book to the attention of Euro- 
pean readers. . . . It is beauti- 
fully illustrated, and is hot 
only for chemists and tech- 
nologists but for all who are 
interested in Chinese cul- 
ture.’”’ — Naturwissenschaft- 
liche Rundschau, Stuttgart 


“This book is unique in sub- 
ject and style, well printed, 

illustrated by many fine line 
| drawings in the Chinese style 

depicting the processes de- 
scribed. It is an addition to 
the History of Chemistry.” 
—Journal of the American 
Chemical Society 


(Outside U.S.A. $5.50) $5.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania’ 
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Important College Texts 
COMPANY 


TEXTBOOKS OF 


DISTINCTION ESSENTIALS OF CHEMISTRY 


A new book that makes the study of chemistry appealing to students 
. without compromising exacting scientific standards. Organized around 
Garrett, Haskins, various phases of the physical environment. Theory of atomic and 

° molecular structure introduced early. Accompanying laboratory manual 
Sisler has at least one experiment plus exercises for each chapter. 


TEXTBOOK OF CHEMISTRY 


A text which teaches students fundamental facts and theories as they 
Mack Garrett learn to reason scientifically. Stresses the particle nature of matter and 
od includes an unusually detailed treatment of organic chemistry. Points 
Haskins, Verhoek ou application of chemistry in industry and daily life. Careful in- 
tegration of topics, lucid presentation of the theoretical structure of 

chemistry. Laboratory manual. 


GINN AND COMPANY, PUBLISHERS tome ofice: BOSTON 


Sales Offices: New York 11 Chicago 16 Atlanta 3 
Dallas 1 Columbus 16 San Francisco 3 Toronto 5 
i 
HEAVYWEIGHT on | featherweight 
accuracy. 


J 


For accuracy dependable to the 4th place, 
accuracy that endures... insist on ABC’s 
arc movement beam arrest arms .. . tech- 
nical, practical, correct. Pivoting about a 


common axis eliminates sliding of stirrup Type AN-2012 
bearings which dulls knives. Vertical or $290.00 
fall-away arrestment systems do not 200 gram capacity 
eliminate sliding and consequent dulling 1/20 mg. sensitivity 
of knives. Four Weeks Delivery 


Prove to yourself that ABC’s Arc Move- 
ment is better. Any ABC dealer will be 
glad to arrange for a 5-day free trail. 
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Contains 19 Test Papers, complete in 18 
Plastic Dispensers: all assembled in a hand- 
some convenient easel-type, hardwood 
case. The 17 short range and control 
papers provide a complete kit of sensitive 
pH Test Papers that cover the entire range 
from 0 to 14 pH values. 


Other ranges available, write for Bulletin Number 200. 


THE RUPP and BOWMAN COMPANY 


SCIENTIFIC APPARATUS DEPARTMENT 
315-319 SUPERIOR STREET 
TOLEDO, OHIO 
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Following is a list of reprints of articles from the 
JOURNAL OF CHEMICAL EDUCATION in stock at | 
the present time. Because supplies are limited, 
please state second choice. 
No. TITLE AND AUTHOR PRICE 
602 Business Organization and Administration in 
the Chemical Industry, F. Curtis 25¢ 
603 The Dynamics of Gas Flow, Worth H. Rode- 
bush 25¢ 
605 Lecture Demonstration Experiments in Or- 
ganic Chemistry, Ray Q. Brewster 25¢ 
606 Sodium Perchlorate and Anhydrous Mag- 
nesium Sulfate: Two Student Prepara- 
tions, Sigfred Peterson 10¢ 
607 Selection and Performance of Students, Fred 
Hazel and H. Sherman Oberly 25¢ 
609 Wolfgang, Pauli, by Emery I. Valko 10¢ 
611 The Rise of Industrial Research and Its 
Management, William A. Hamor 25¢ 
614 Commercial Development in the Chemical 
Industry, F. J. Curtis 25¢ 
615 Technical Employment in the Chemical In- 
dustries, E. W. Cook : 25¢ 
616 The Chemical Revolution—The Second 
Phase, Sidney J. French 25¢ 
619 — Improved Apparatus for Obtaining Boil- 
ing ¥. — of Liquid Mixtures, Lawrence 
10¢ 
620 Goethe, Dr. Oskar Baudisch 10¢ 
621 Chemical Education in _ Arts Colleges, 
193448, J. R. Sampe 10¢ 
622 -Element of the Week, _ = K. Myers 10¢ 
626 First Day with Hercules, Jane F. Gaffney 
and John T. Hays 25¢ 
630 Research and in the Chemical 
Industry, F. J. Curtis 25¢ 
631 Organic hemistry and the Analytical Pro- 
am at M.1.T., Ernest H. Huntress, David 
. Hume and Lockhart B. Rogers 25¢ 
632 Organic Analysis in the Chemistry Curricu- 
lum, Philip J. Elving 25¢ 
633 Unknowns for Molecular Weight Determina- 
tion, H. D. Crockford 25¢ 
634 Hydro - Demonstration Cannon Made 
of Glass, J. E. Ransford, S. J. 10¢ 
635 A Model. Reavis the Effect of Thermal 
Agitation, R. H. Woolley and Dan Mc- 
Lachlan, Jr. . 25¢ 
636 Human Values in Engineering, Francis J. 
Curtis 25¢ 
637 a For Student Conductance 
easurements, P. Bender, W. J. Bier- 
mann, and Alvin G. Winger 25¢ 
638 Methods for Constant Potential Control, 
E. B. Thomas and R. J. Nook 25¢ 
639 Tenney L. Davis and His Work in the His- 
tory of Chemistry, H. M. Leicester and 
H. S. Klickstein 25¢ 
610 Demonstrating Radioactivity by Auto- 
radiography, Laurence S. Foster 25¢ 
641 Theory of Corrosion for Engineers, W. L. 
Orr and H. A. Stafford 25¢ 
642 The Use of the Perkin Reaction in Organic 
Laboratory Classes, R. Buckles 10¢ 
643 Letter to the Editor, Ward C. Sumpte 10¢ 
644 Radiochemical Experiments i in the Physical 
Chemistry Laboratory Course, Clifford 
S. Garner 25¢ 


Journal of Chemical Education, Easton, Pennsylvania 
For the enclosed remittance please send me the following re- 
prints, carrying charges prepaid: 

No. Quantity No. Quantity 


No. Quantity 


ZONE....... STATE 
Order by number. 


Postage stamps acceptable. 
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ELECTRO-ANALYSIS APPARATUS 


New Working Manual with methods and exten- 
sive bibliography prepared as a result of re- 
search at Battelle Memorial Institute is pro- 
vided with each unit. Copies are free upon 


request. 


Sturdy, versatile, attractive—this Eberbach Electro- 
Analysis Apparatus has the rugged construction 
needed for continuous duty and the versatility re- 
quired for research. Ammeter, voltmeter, polarity 
reversing switch and power control knob are provided 
for each position. Front is stainless steel; sides are 
cast aluminum finished black. Operates from 115 
or 230 volt, 60 cycle AC. Unit measures 2914” by 
1414” by 1614” deep. Ask for Bulletin 130-D on 
Eberbach Electro-Analysis Apparatus. 


SCIENTIFIC 


INSTRUMENTS 
C-APPORATUS 
CORPORATION 


ANN ARBOR. MICH. 1043 


117-119 East 24th Street New York 10, N. Y. 


RARE Inorganic Chemicals 
| are available ... | 
_ SEND FOR LIST — 
AMEND DRUG & CHEMICAL Co., INC. 


‘Please mention CHEMICAL EDUCATION when writing to advertisers 


the 
k at 
ited, 
RICE 
25¢ 
@ 
25 6964 
4 
| 
25¢ 
10¢ 
10¢ 
10¢ 
10¢ 
25¢ | 
25¢ 
25¢ 
25¢ | | 
| 
25¢ 
x 
7 
25¢ Y | | 
25¢ 
25¢ 
10¢ 
25¢ | 
a 
re- | 


alysis! 


Recorder Unit 


BEST DEMONSTRATIONS 
EASIEST EXPERIMENTS 
LOWEST BUDGET 


for teaching 


INSTRUMENTAL METHODS 
OF GAS ANALYSIS 


Ref.—Linde & Rogers J. CHEM. ED. Pgs. 28, 576-577 
Instrumental Methods of Analysis, 114-115, 119 
Willard, Merritt & Dean, Van Nostrand, 1949. 


Write today for illustrated 1951-52 catalog and data sheets 
for your problem. 


COMPANY 


22 LAWRENCE STREET, NEWARK 5, N. J. 


COORS 
U.S.A. 


Beakers and Dye Pots 


Highest Quality Chemical Porcelain Ware 


EASY To CLEAN 


HIGHLY RESISTANT 

TO CHEMICAL and 

THERMAL ATTACK 
e 


This ware is supplied in a wide variety of 
sizes and styles to suit many laboratory 
uses. Continually available when metal 
containers are scarce. 


ASK YOUR LABORATORY SUPPLY DEALER FOR THEM 


CooRS PORCELAIN COMPANY 
COLDEN. COLORADO 


Photometers 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCT. 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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S&F 


ONE INSTRUMENT FOR THE 
[Ultraviolet Visible [nfrared Range 


FARRAND 
™ 
MONOCHROMATOR .»« SPECTROMETER 


It is now possible to make spectral measurements in 
the ultra-violet, visible and infrared regions through- 
out the range of 0.2 to 35 microns—WITH A SINGLE 
INSTRUMENT by simply interchanging prisms. 


The optical system comprises a double monochro- 
mator thereby reducing scattered radiations to a neg- 
ligible magnitude. Highest spectral purity—Isola- 
tion of extremely narrow wave lengths and greatest 
resolution are obtained in any one chosen region by 
selection of prism material for optimum performance. 


BULLETIN #806 
ON REQUEST 


PRECISION OPTICS, ELECTRONIC 
AND SCiENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., inc. 


BRONX BLVQ. and EAST 238th STREET - NEW YORK 70, N. Y. 


M. S. C. 


‘RARE GASES 


HELIUM - NEON « ARGON « KRYPTON « XENON 


Lince Rare’ Goses ore moi to 
assure you gases of known purity and uniformly high © 


quality. Available 
glass bulbs, 


Linve, the world’s largest producers of gases derived 
from the atmosphere, can meet your individual needs 
of purity... volume ... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 


UNION CARBIDE AND CARBON CORPORATION 
i 30 East 42nd Street (T4793 New York 17, N.Y. 
In Canada: Dominion Oxygen Company, Limited, Toronto 


The “Lindo” 164 trade-mark of Union Carbide and Carbon Corporatin 


avatlalle... | 


Acenaphthylene; Acetobromoglucose, Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanylglycine; Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Cery! Alcohol; a-Chloralose; 8-Chloralose p-Chloroanilidophos. 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicyleidehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid; 
dl-Ethionine; Ethylenediamine Tetraacetic Acid; thylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycyiglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 

3. B-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; (§-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Pyrourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- 
gosine; Stilbemidine; Sulfequi ine; Tantalum Chloride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; §-Tocopherol; 
herol; herol Phosphate; 7-Tocopherol Ph 
tigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitemin Biz. 


a RB EE BE BE 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.° 
4 Telephone Plaza 7-6317 


Laboratory 
Equipment and 


Apparatus 


For the industrial, chemical, medical and research labora- 
tories of America who have made our growth and 
expansion possible. 


@ AUTOCLAVES @ INCUBATORS 
@ OVENS @ BATHS | 
@ STERILIZERS @ ANIMAL CAGES 


@ WATER HEATERS 
@ HUMIDITY CABINETS 


Acme have been designers and manufacturers of fine 
equipment and apparatus for more than 25 years. 


Alll inquiries for new and special equipment 


are welcomed and will be given prompt 
attention by our engineering department 


WRITE FOR COMPLETE CATALOG TO DEPT. Q 


Acme Laboratory Equipment Co. 
EN 506 West 124th St. New York 27, N. Y. 
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Add this beautifully illustrated book to your chemistry library ., |== 
he CHEMICAL ARTS 
e 
res 
of OLD CHINA 
ge ge 
Li Ch’iao-p’ing 

Professor of Chemistry by 
National Northeastern University ony 
Mukden, China fiftl 
Sweeping the salted ash in- eons 
to heaps after the sea water "64 
has evaporated. cov 
If you are a lover of beautiful books—and i. 
a chemist besides—you’il want to add a of i 
copy of The Chemical Arts of Old China to - 
your personal chemistry library. You and ane 
your family will cherish this exquisitely de- rou 
signed and illustrated book. wre 
Included in The Chemical Arts of Old China equ 
are copiously illustrated chapters on al- - 
chemy, metals, salt, ceramic industries, ext 
lacquer and lacquering, gunpowder, colors the 
and dyes, vegetable oils and fats, incense, ‘he 
essential oils, and cosmetics, sugar, paper, vid 
leather and glue, soybean products, al- Working the drainers for 7 
coholic beverages and vinegar . . . plus an the a — of concen- the 
appendix showing the dates of the Chinese —— got 
Dynasties, and a list of Chinese weights ele 
and measures. 
56 pen and brush drawings, and 22 halftone wh 
plates illustrate the ancient Chinese meth- Mi 
ods of producing salts, glazing porcelain, “ 
preparing gunpowder, manufacturing inks it. 
and dyes, preparing maltose, making paper, “ 
distilling spirits, etc. thi 
Whatever your particular interest, you will - 
find much to delight and intrigue you in a 
Professor Li’s book. Artistically designed 5 ae cu 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all ro 

contribute to the beauty of The Chemical 
Arts of Old China, and to your reading 57 

pleasure. 
229 pp. $5.00 (postage prepaid) 
($5.50) Foreign 
Order your copy today from 

20 
CHEMICAL EDUCATION PUBLICATIONS 
2077 NortHameton Sr. Easton, Pa, = 


JOURNAL OF CHEMICAL EDUCATION, MARCH, 1952 § pie, 


+ 

bas 

48 
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a Water 


of the 


1952 


A mine of information 
concerning chemical 
research. 


DISCOVERY 
OF THE 


ELEMENTS 
by Mary Elvira Weeks 


“This is not a new book, but the 
fifth edition, which fact in itself 
seems to indicate considerable 
popularity. As the title indicates 
the book is a history of the dis- 
covery of the elements. But it is 
far more than that. It is a mine 
of information concerning chemi- 
cal research. Names that have 
been mentioned baldly in text 
books of chemistry are here sur- 
rounded by the warmth of per- 
sonal contact through the media 
of correspondence, illustrations of 
equipment, photographs, and in- 
timate biographical details. The 
book can only be the result of 
extensive and careful research into 
the literature of chemistry. The 
number of documents and sources 
that have been examined to pro- 
vide voluminous and authentic 
information is staggering. But out 
of it come articulated accounts of 
the fever and the fret that have 
gone into the finding of these 
elements.” 


“Included in the book are more 
than 350 illustrations, many of 
which show original apparatus. 
Much of this in its crudity serves 
the more to emphasize the enor- 
achievement produced with 
i 

“On the whole it can be said that 
this book should be of interest to 
both layman and chemists. It will 
serve as a reference or equally as 
& source of information to those 
curious about investigations made 
about the building matter from 
which everything material sur- 


rounds them.” 
The B-C Teacher 
over 300 illustrations 


pomestic $4.00 


FOREIGN $4.50 
Postage prepaid if remittance 


accompanies 


Chemical Education Publications 


2010 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


578 pp. 


G. Brooks King and William E. Caldwell 
The Fundamentals of College Chemistry 
“It is written in a manner which stresses understanding on the part of the 


student.””—From a review by Kenneth E. Anderson of the University of 


Kansas in School Science and Mathematics 


Otto F. Steinbach and Cecil V. King 
Experiments in Physical Chemistry 


“The authors are to be commended for the careful preparation of what 


Leading Chemistry Texts 


55 Fifth Avenue 
New York 3, N.Y. 


seems to the reviewer to be an excellent manual.’’—From a review by 
William B. Meldrum of Haverford College in the Journal of Chemical 
Education 

Allan R. Day 


Electronic Mechanisms of Organic Reactions 


“This book is a step in the direction to help students understand the many 
reactions encountered in their study of organic chemistry.” 
—Bernard Nelson, Wheaton College (Illinois) 


American Book Company 


300 Pike Street 
Cincinnati 2, Ohio 


351 East Ohio Street 
Chicago 11, Illinois 


2ud Edition. 


revised, reset and enlarged 


POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER 


This new edition has been completely re- 
vised, reset and enlarged to approximately 
twice the number of pages in the original 
edition. 


Perhaps nowhere else can be found the 
kind of comparison of different electro- 
chemical methods of analysis made by 
Dr. Miller. Discussions are given in 
simple language of conductometric titra- 
tions and electrophoretic methods and 
their relation to electrolytic, potentio- 
metric, and polarographic methods. 


Various types of current ebserved in 
polarography (residual, absorption, migra- 
tion, diffusion, kinetic and catalytic) are 
treated extensively and each is illustrated 
by simple experiments which can be car- 
ried_out in any student laboratory. Dr. 
Miller shows how to distinguish between 
all these types of currents and how to 
recognize diffusion, kinetic and catalytic 
currents by varying the drop-time or -size 
of the mercury electrode. 


The author has presented a new approach 
to the problem of polarization of an elec- 
trode which may have some value for 
student instruction. Detailed discussion 
of this problem includes directions for 
testing the non-polarizability of an elec- 
trode. 

Rather than enumerate a number of de- 
tailed analytical procedures, Dr. Miiller 
has given the principles on which these 
are based, with sufficient instruction to 
enable anyone to develop his own, or 
carry out a published analytical procedure. 
Following the given directions, no one 
should find it difficult to test the polaro- 
graphic reversibility of a reaction or to 
determine the coordination number of a 
complex metallic ion. 


Every experiment described in POLARO- 
GRAPHIC METHOD OF ANALYSIS 
can be carried out with the simplest of 
apparatus. Complete details for con- 
struction of such apparatus are given in 


the book. 
$3.50 


209 pp. illustrated 


vase CHEMICAL EDUCATION PUBLISHING CO, == 


EASTON, PENNSYLVANIA 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 


Vitamins and Derivatives 


a simple, 
easy-to-use 


AVERAGE 
CALCULATOR 


‘i (See J. Chem. Ed. June, 1951, p. 311) 
for — TEACHERS, 
STATISTICIANS, 
Price $2.75 ANALYSTS 
Dwight F. Mowery, Jr. 
Trinity College, Hartford 6, Conn. 


AT LAST! ™ 


17 West 60th ot New York 23, N.Y. 
Plaza 7. 8171 


Pyrex stoppers, rod, and tubing. Mis- 
cellaneous hardware and glassware. | 
Accessories for Klett-Summerson Photo- | 
electric Colorimeter (Tube Model). 
Also, bottles and Dewar Flasks. 

Write for description list. 


2310 W. 65th © + Indianapolis 8, Ind. 


. DISPENSE PURE, DRY REAGENT 
for individual tests with 
CARGILLE REAGENT GRANULES 
Write; Specify RG-JE Samples 


CARGILLE SCIENTIFIC INC. 
118 Liberty St., New York 6, N.Y. 


SAMPLE STORAGE SETS 


1,000 small samples in orderly 
arrangement on only 334” shelf 
. space! Other models available. 


Write for leaflet SS-JE 
R. P. CARGILLE 


118 Liberty St. 
New York 6, N.Y. 


——LABORATORY SUPPLIES— 


BASIC MANUFACTURERS 
of analytically pure L-~ISOLEUCINE, 
GLYCYLGLYCINE, L-PROLINE, 
HYDROXY- L-PROLINE L-ARGININE - HCI 
and other AMINO ACIDS 


er A 
PREMIXED MEDIA. FOR MICROBIO- 
LOGKAL Amey OF — ACIDS 
our cat. 
H. M. CHEMICAL “cO., LTD. 
1651—18th St., Santa Monica, Calif. 


Antimony Triiodide 
Barium Nitrite 
Chromium Bromide 
lodine Monobromide 
Phosphorous Pentabromide 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


For The Chemist and Engineer 


Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-33 


SOLE DISTRIBUTORS FOR U.S.A 


IVAN SORVALL, INC. 
210 FIFTH AVE., NEW YORK 10, N. Y. 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 
SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT12. 
O.C.RUDOLPH& SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


ORGANIC NITROGEN COMPOUNDS 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANIC CHEMISTRY 

Revised: $8.75, 4.50, 1.75 
University Lithoprinters, 
Ypsilanti, Michigan 


ACE CATALOG “50” DEPICTS 


The foremost in Glassware and veer 
Enjoy the convenience of on 
source of supply. Copy on request "CCG" 


Ace GLASS INC 


VINELAND # NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


COME TO “THE KJELDAHL PEOPLE”. . 
. when you modern Kjeldahl! apparatus for 
labor large or small. ‘‘Labconco” 
your ll is avai Meei't in 6-96 flask capacities with 
gas or electric heat. Separate | ae pe and dis- 
tillation units; combination decked wu: 
conco” has been the | “Kjeldahl 
apparatus for more than 20 years, now in service in 
the laboratories of Procter & Gamble, General 
Mills, DuPont, General Foods, etc. 
WRITE DIRECT TO THE MANUFACTURER 
FOR PICTURES, PRICES, FULL DETAILS 
LABORATORY CONSTRUCTION CO. 


1113 Holmes Street ° Kansas City, Mo. 


19th ANNUAL 
EASTER SEAL APPEAL 
- March 13 to April 13 


THE NATIONAL SOCIETY FOR 
CRIPPLED CHILDREN AND ADULTS, INC. 
11 S. LASALLE STREET, CHICAGO 3, ILL. 

THE EASTER SEAL AGENCY 
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ADVERTISERS’ INDEX Laboratory Equipment - 
Acme Laboratory Equipment Co. 47 
Aloe Scientific (Div. of A. S. Aloe OF THE 
ond Drug & Chemical Co., MONTH 
Balance 43 
American Book Co............. 49 
Angel & Co., H. Reeve......... 37 
Appleton-Century-Crofts, Inc... 35 
Baker Chemical Co., J. T........ IFC 
Beckman Instruments.......... 13 
Bethlehem Co., Ine... 32 
Boekel & Co., 35 
Buffalo Apparatus 
Central Scientific Co.. 
Chem, Ed. Buyers’ Guide....... 50 
Coleman & Bell Co., Inc........ 27 
Coleman Instruments........... 16 
Coors Porcelain Co............. 46 
Corning Glass Works........... 19 
7 FIRE 
Delta Chemical Works 47 EXTINGUISHERS 
Eastman Kodak............... 33 Low-cost protection 
Eberbach Corporation.......... 45 Packed twotoabox. | SPECTROPHOTOMETER 
Each wg an ae Ideal for student work 
Farrand Optical Co............. 47 (Beckman Model “‘B”.) Accurate, 
Fisher Scientific Co.............. BC anteed for five years. fos Priced within reach ‘of the 
General Laborator Suppl Co.. 34 coy Sas Se. attachment ‘rest cube adapter, diffuse re- 
Ginn & Co.. 43 per box of two......... $9.95 flectance further facilitate ade- 
ate st t inst 
Gow-Mac Instrument of for Mo odel 
ulletin 210. 24561....... 
NEOTEX MATTING handl lete line of Beck 
Hevi Duty Electric Co.......... 36 Long lasting, open mesh matting of 
pont Neoprene for sinks, drain- 
International Equipment Co... . .IBC SCRIPTO PENCILS 
Interscience Publishers, Inc..... 31 duces Won't soil lab jackets 
INS 12 Easily. cleaned and | For marking glass, beakers, flasks, 
46 sterilized. Color, etc. Pro repels by turn 
green. thick, %” nee = 
LaPine & Co., Arthur S......... 11 thick leads 2%" x 120". Loos 
—- inde Air Products Co., The yd. 3.25 mark or blve...$ .25 
(Unit of Union Carbide & Car- | 210060 
bon Corp.).. box of 4 sticks....... 
UNDS Longmans, Green & Co......... 24 210687 pencil, glass 
STRY McGraw-Hill Book Co., Inc..... .FC = 
STRY Machlett & Son, E............. 32 LABORATORY CART 
Macmillan Co., The............ 20 Saves miles of walking 
Mallinckrodt Chemical a 52 | Saleions steel. Easy to maneuver. Holds 
rs Merck & Co., Ine.. sais, a 0 Ibs. Shelves insulated against noise. 
Metalab Equipment ‘Corp.. 41 17%” x 27”. Size overall, 17%” x STIRRER 
30” x 32%”. Weight, 50 Ibs Stirs . 
— New York Laboratory Supply magnetically 
—_—— agitates liquids of viscosi- 
Ohaus Scale Corp............... 17 open or 
Palo Laboratory Supplies, Inc.. 40 “Rotating, magnetic 
Prentice-Hall, Inc.............. 22 stirring bars. 
variable-speed stir- 
ing act 
Rupp & Bowman Co............ 44 ring, action. Com 
Sargent & Co.,E. H 15 
Saunders Co., W. B............. 23 OIE $32.50 
Schleicher & Schuell Co. Carl... 38 We handle wide 
thern Scientific............. 51 
Standard Scientific Supply Corp.. 8 
Thomas Co., Arthur H.......... 3 Order from your nearest WILL office- 
Todd Scientific Co.............. 9 warehouse. More data on these items 
will be sent at your request. 
nion Carbon & Carbide Corp. = = ine 
(The PHONE — WRITE — WIRE — TELETYPE 
U. 8. Stoneware Co.. 
Avoid shortages and 
AL Welch Scientific Co., W. M...... 30 delivery disappointments. 
Wiley & Sons, John............ 4 Make up your lists early 
Co.. and send them to us. We'll 
1 assemble the material and 
= ship and bill it on the date 
you specify. 
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CAP 


The screw cap, 
introduced for 
the packaging 
of chemicais 

by Mallinckrodt 
in the early 20’s. 


PROTECTIVE SEAL 
Assures the 
consuming chemist 
of factory-packaged 
chemicals—of 
Original purity. 


LABEL 

White on black 
for unmistakable 
readability—leaves 
no room for reading 
errors. For ycur 
protection hazardous 
chemical labels have 
precautionary infor- 


mation onaside panel. 


BOTTLE 

Shaped for easy 
handling. Removal 
of chemicals made 
convenient by the 
wide mouth and 
sloping shoulder. 


"The cap, bottle and label of this package dre the result of experience in supplying - 
chemists with Analytical Reagents since 1912. _ 

_ Mallinckrodt AR's are also available i in bulk containers which have been developed 

With equal care and concern. 


A » The-extreme: purity of AR’s must be protected! elieibing is part of the product. 


SIDE PANEL 

introduced by 
Mallinckrodt to avoid 
label congestion and to 
give greater legibility to 
the important maximum 
limits of impurities. 


BaCl,+2H.O MLW. 244.31 


Meets A. C. 8S. Specifications 


Maximum Limits of Impurities 


Alkali Salts (as Sulfates).. . 0.050 % 
Calcium and Strontium Salts 


(as Sulfates)............... 156 & 
Insoluble Matter............ 0.010 % 
0.0002 % 


Other Heavy Metals (as Pb). .0.0005% 
Nitrate and Chlorate 


t 
REG. U5. par. ore. 


MALLINCKRODT CHEMICRE WORKS" 
Mallinckrodt St,, ST. LOUIS 7, MO! 
. 72 Gold Street, NEW YORK 8, N.Y. 


+ Cincinnati + Cleveland. Los Angeles 
« + San Francisco « Montreal + 
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INTERNAT 


1284 


The new angle 


- $33.90; 


each $1.05. 
Obtainable now from your Laboratory 


Apparatus Supply Dealer. 


Interchans? ssor 
39 different acce 


interchange 


heads. 


1ONAL 


OLDIERS FIELD 


New gle Head 
for International Clinical Model Centrifuge 


OW you can swing twelve 15 ml. Centri- 
fuge tubes or twelve blood serum tubes 
16 mm. x 100 mm. or smaller in your Inter- 
national Clinical Model. 
style head, Catalog No. 809, fits any Inter- 
national Clinical Model now in service and 
has 12 drilled holes to accommodate twelve 
15 ml. glass tubes in Metal Shields No. 302 
or 12 blood serum tubes in Metal Shields 

No. 303. Maximum speed of the No. 809 

head on alternating current 3770 r.p.m., 

1790 x g. Prices: No. 809 Head 

No. 302 or No. 303 Shields 


wide variety 
ibilities. 
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arrying 
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ntinuous filt 


co 
heads for entional tube-c 
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ace 15 ml. angle 


-pl 
for example, g current. 


ynatin 
Higher 2650 x g. on alt® jalization 
head 4300 ffty years of spec! 
over 


nufacture-. 


ENT COMPANY | 


ON 35, MASS: 


Guaranteed 
in Centrifuge ™ 


QUIPM 


‘ROAD, BOST 


i -1952 
Send for Bulletin CHC 
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THE ELEMENTS 


$s 
B29 
Fr 


A NEW periodic chart, completely up-to- 


date, presenting the basic information of 


CHART OF THE CLEMENTS 


use to students and instructors has been 


compiled in accordance with the recom- 


mendations of the staffs of 59 leading 


colleges and universities. The information 
conforms with the suggestions of the Fif- 
teenth Conference of the International 


Union of Chemistry. 


The Fisher Giant Size Simplified Peri- 
odie Chart pictured above is 52” by 76”, 
printed in two colors on a heavy varnished 
The office size measures 221/2 by stock, with wooden strips at top and bot- 
32” and has metal strips at top and tom. Price, $9.75 each. 
bottom, and eyelets for convenient 
hanging. Price is $3.00, or $2.75 each in 
lots of 12, postpaid. 


Headquarters for Laboratory Supplie: 


FISHER SCIENTIFIC 


WASHINGTON 
Forbes (19 7722 Woodbury 
: (Silver Spring, Md.) 


See ni. 10.82 12.090 14.008 16.000 19.00 

Se Ji, Cr Mn Fe Co Ni Co. Zn Ga GelAs So 
47.90 50.95 $2.01 54.93 55.85 58.96 58.69 S38 09.72 72601769 19.96 

38 39 40 4) 42 43 44 45 46 49 50 #51152 53 
Sr Zr Nb Mo Te Ru Rh Pd Ag in Sn SbiTe | 
48 87.63 88.92 91.22 92.91 95. 102.9% 106.7 107,88 118.70 126.92 [131.3 
56 57 22 76 77 78 79 BONN 82 83 84] 85 | 86 
Os ir Pt Av Pb Bi Po| At|Rn 
209.00, 70. | (210) | 222 
6 138. 1 190.2 193.1 195.23 197.2 04 ‘ 

(223) 226.05, 227. 59 1694 172.04 174.99 ‘ 

| Np Pu Am 
i : | 932.12 231, 238.82, {2 239) 

j 

i 

COMPANY 
S. Jefferson (18) St. James 


